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PREFACE. 


Ttf£  Royal  Sodety  of  Lcmdon  has  now  existed  fer 
^ve  170  y^it35  and,  in  lliat  lengthened  period,  has. 
assembled  kl^  its  Tratisaetkms  a  ^ast  body  of  imluable 
ffltd  brilBant  fiiets,  but.  wfaicb  are  lost  to  the  communky.' 
by  b€»ng  seattei^  tiirol^h  a  library  of  esqpensive  quarto 
Y<Sames»  Y^  t^  Sotiety  is  tiie  higfa^t  authorilyv  in 
Natural  I%ilosopby,  and  4m  stxJb  suljeejts  we  look  for 
authority;  while  to  i^ead  or  study  witfaoot  the  sanction  of 
authorilyy  is,  in  a  certdn  degree,  a  waste  of  labour. 

Tiie  present  work  is,  at  the  same  time,  a  pc^ular 
Selection  of  popular  papers,  calculated  to  iastruct  asid 
delight  the  uninitialed,  as  well  as  to  interest  tlie  enidile 
reader.  M  i$  waph  a  volume  as  every  |ii£idoiis  Tutor 
will  be  pioud  of  piHtii^  into  the  bands  cf  liis  Pupits, 
and.as^^ry  Father  of  a  Family  will  demre  that  hb  sons 
aad  dau^ters  should  study.  It  presents  a  muttitude  o( 
4ietB  of  the  most  striking  duuncter,.  and  must  have  the 
eflfect  ct  enli^ht^jfig  the  mod,  while  it  direi^  attention 
to  sriiJecfS4tf  eachaustless  gcatifieation  and  contemplation. 

At  the  same  tim%  ahhois^h  it  is  the  lODstaoitable 
book  ep»  printed  lor  the  inprcwemtirit  of  the  rising 
generadoD^  att  aff^-  may  profit  by  its  oootents  more 
than  by  any  worit  within  the  kndwkdge  of  die  Editor; 
and  even  the  tnost  learned,  if  diey  have  not  acoess  to 
the  Transac^OBS  s(t  large,  and  faoi^  not  bestowed  on 
them  the  necessary  atudv^  may  and  will  derive  the 
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VI  PBEFACE. 

highest  satisfaction  from   the  perusal  of  most  of  the 
articles. 

Of  coarse,  maiiy  carious  -  papers  'have  unavoidably 
been  passed  over,  or  the  work  would  have  beea  ex- 
tended to  an  inconvenient  ^iz^and.prioe^-i^fisr  in  popular 
books  for  the  young,  size  and  price  are  necessaiT:  ft^ 
tures;  but  the  articles  selected  wfll  answer  the  desired 
purposes;  and  they  i^ill  serve  either  a6  a'^cdiaptfiioii^ 
Blair's  Orammar  of  Natural  Ptiito3ophy9*or  -a^cite.tbe 
reader  to  pursue  tltese  studies  furthiH:  .itf  some  gpeneal 
work  Iflte  Shawns  Nature  Di^layed.  Tm»  Md  dis^ 
criminatioh  are  the  only  qualities  to  wUeh  the^  Editor 
lays  daim;  and  for  his  possession  of  diese  he  is  warraDtCf^ 
in  the  expression  of  some  confidence  by  thtf-.qp»qi»i|kd 
success  of  his  two  fi)ttner  publieataons«„  .   ; 

EveiyTiiitor  must  have  been  ^ware -tfaitt.SbiiietW^wk 
of  *  popular  lessons  in  -  Natund  •  Phil^wqphy  W.  long 
been  a  desideratum  in  liberal  education.  The  Author 
has  been  deeply  sensible  of  it,  but  he  ha)i>  bes^ted  in 
regard  to  the  plan.  More  eloquent  wsMtig'  a%bt*  have 
been  found  m  miscellaneous  ;aut^rs;'btft)on^il^  •««)>• 
ject  perspicuity  and  simplicity  are  more  ;spei^;riio<!m- 
znendations;  and  indnbitkble'&ete,pfointtIgatdd  bjnile. 
highest  authorities,  are  more  im|)6rtant' lliatilrdundiKl 
periods,  flights  of  iinaginatioh,  or  dazadbg  j^iiisrallsafioll^. 
.  Of  the  efficient  services  rendered  to  ScJAii^  by  tbe  ter 
stitution  of  the  Royal  Society,  :no  one  can  doubt  |  and  it 
is  certain,  that  the  meetings  of  its.  metobers,  Aeir  isi^- 
change  of  communications,  and  the  pobUcadon  of  ^A^ir 
Transactions,  were  eminently  useful  in  stimulaliBg  public 
and  private  exertions  in  the  cause  of  8dence»  The  fiffst 
members  were  enthusiasts  in  their  pussuks;  find  their 
zeal,  industry,  and  emulation,  rendered  the  eariy  years  of 
the  Society  peculiarly  brilliant.     It  is,  however,  worthy 
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€f'nDtioe))idiatfrom  tfaewaiit  of  that  iatdHectiud  cqUIsichi^ 

which  was  one  salutary  effect  of  the  AssociatioD,  /npstpf 

themjrarojtaiiQtiired  with  vuj^  and  scientific  supei^sti- 

tions.  .They  welfs  at  once  Astronooiers. and  Astrolog(^rs ; 

GfaenastSiand/AVdbemilts,  in  search  of  the.  Fhilosopbpr'a 

Stdne^i  Medianks  wd  Madiematiciw^  but  engaged. in 

ithe:  itaiOiJen^vmr  to^  discover  the  P^rp^tnaJ  Motipn; 

flnd^Me|b8f^yiiGian%  who  practised  the  Clack  Art,  and 

taught;  and3  heUevjed  Jin:  charniS)  omens,,  dreams,  aod 

cxioheintaraal:^    i3u<^,^  however,  were  the  ^Fathers  of 

£HiejtiQ^  and  withc^nt. association,  they  could  sciurcdiy  he 

other  tban  lliey  were.    Tiip^  changed  .the  men,  and  ex- 

l^padene^  nxA  x^Sfovt  hanlshed^  niany  of  their  grosser 

iifiiipmtilloQ^    K  any .^till  rfsama^  they  are,  either  masked 

thy  th^.  machinery  ,pfc(MQ^^  ^yst0pi%^or  established  on 

U^h9ib«w€^^t)ior4^  pf  des^];vedly  ven^at^ 

i  'jEy^  hliP^a  itrstitutionhas.  its  a]lays.    Those  in- 

:lk^Alt4n:the^.Bc)yal  Society  are  only,  like  spots  in  the 

.'^uby^jfilJt.  wiirfd  be  servile  not  to  notice  them.    One  is 

ath^  OuNsKUHstaiioe^.that  in  elections,  one  black  ball  in  ten 

,^ikiBLis(i%^Wtlmf>n$  and  this,  nece^^ily  proscribes  the 

lAfim^gimm  9£qr|gi»aiity,  which  piques  pride  while  it 

.ijpFefi0i!^m,^<i^^^  errcars,and  Brakes  at  least  one ei^emy 

>.<lCifi$»ry^i6fm  Q;Hil)!iap$Vp4^aries,  while  envy  is  more  active 

^dittej  liberality.    Again,  the  non-limitation  of  the  period 

M^iPreisideoefy  ha%  in;  successive  generations^  owii^  to 

:the  pf^iftr  (a^  and  pursuits  of  the  Presidents,  ren- 

itotd  the  Society,  for  th^  timei  either  altogether  Mathe- 

j  i9i|tiipl,^:Medical,JEbi;perimenta],  Chemical,  or  Botanical ; 

:is^:^taa$ei|dency' of  one  subject,  as  the  Transacti<ms 

c^walL  p|oy^  has  j^^n  accompanied  by  the  depression  of- 

Other  pursi^ts,  equally  important.     The  other  point, 

which»  without  great  caution,  is  the  attendant  vice  of 

all  associalion,  is  the  consentaneous  deference  paid  to 
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authority,  l^  whidia  sort  of  otthadox  &Sh  is  mttn 
blished,  &tal  to  free  enquiry,  «nd  spedally  filial  to 
truth,  in  matters  of  s<aenc^  when  bOit^  countenaneed 
by  so  influentiftl  a  toice  as  that  with  #hidi  tfiis  iiliistriour 
JSoeae^  speaks  to  the  ei^ised  worlds  A  aiore  laberd 
law  of  electing  a  Rfesidency  fin:  only  three,  cat  at  iQost 
seven  years,  and  an  axicMnatac  abhorrenw  of  anthoricyy 
OB  questi6n3  of  Scientific  Enquiry,  would  add  dtill  nioft 
to  the  adaiowledged  udti^  of  the  Royal  Society,  mid 
enable  it  to  keep  pace  with  tliose  iraproyemeiilB  «f  ifae 
still  improving  age ;  matty  of  wMeh^  it  must  be  adchdw^ 
lodged)  are  ks  owk  o£bpring.  :.        .      > 

At  this  time  most  of  the  iSovereign  Plrincee  of  ^ropi;  ' 

are  enroled  t^  Fellows  of  thk  Soctety.    in  Vk»m^ 

ner,  too,  many  of  the  distinguished  nobSity  of  tlni^e 

kingdoins  are  among  its  member?.    Kings  and  tiobleb 

are,  however,  themseiyes,  honoured  by  adnnssiW)  and 

their  names  ihay  spread  tt  b&ta  round  Ae  Soefcty;  bat 

looking  rigidly  at  the  subject,  it  might  be  wkfand,  that 

DO  one  should  be  admitted  to  such  an  Association  without 

first  affording  some  personal  proof  of  his  approj^te 

worthiness.    To  be  a  Fellow  of  the  B<qral  Socie^  should 

be  a  distinction  higher  than  birth  or  tMe^lbeda  tmM 

bestow.    It  should  be  a  badge  of  nobSity  dTviiiid  $  and 

F.R.S.  ought,  through  the  civilfeed  wc^Id,  to  aflbrd 

unequiyocal  proof  that  he  who  waa  aothormd  to  use  it, 

deserved  such  pre-eminence  for  some  attainments  winch 

no  accidentia  of  society  could  bestow; 

The  Engravings  will  add  to  the  interest  of  the  vohane ; 
and,  to  confer  precision  on  tiie  study  of  the  work,  the 
Editor  has  prepared  Five  Hunbre^  QestttoHS  few  the 
use  of  Schbols,  on  its  contents. 
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Account  of  the  Burning  Concave  GlasSy  made  at  Lyans^  by 
M.  F/xifirr^.  — [1665.] 

Its  figure  is  round,  being  rather  above  thirty  inches  in 
diameter.  On  one  side  it  has  a  circular  frame  of  steel,  that  it 
may  kee]^  its  just  size.  It  is  easy  to  remove  it  from  place  to 
place,  though  it  weigh  above  a  hundred  wdght,  and  is  easily 
put  in  all  sorts  of  positions.  The  focus  is  datant  from  the 
centre  of  the  glass  dbout  three  feet,  and  is  about  half  an  inch 
in  diameter.  One  may  pass  one's  hand  through  it^  if  it  be 
done  nimbly ;  but  if  it  remain  there  for  one  second  only, 
there  is  danger  of  receiving  much  hurt. 

Green  wood  takes  fire  in  it  in  an  instant,  as  do  also  many 
othier  bodies. 
A  small  piece  of  pot^iron  was  melted,  and  ready  to 

drop  down,  in  -  •  • 

A  piece  of  silver  was  pierced  in        ->        - 
A  thick  nail  was  melted  in  *•  -        *• 

The  end  of  a  sword-blade  was  burnt  in 
A  brass  counter  was  pierced  in 
A  piece  of  red  copper  was  melted,  ready  to  drop 

down,  in  -  - .  - 

A  piece  of  quarry-stone  was  vitrified  in 
Watch  sprii]^  steel  melted  in  -  - 

A  mineral  stone  was  calcined  and  vitrified  in 
Apiece  of  mortar  was  vitrified  in 

In  short,  there  is  hardly  any  body  which  is.  not  destroyed 
by  this  heat.  To  melt  by  it  any  great  quantity  of  metal 
much  time  would  be  rec^^uired,  the  action  of  burning  not 
jbeing  peribrmed  but  withm  the  size  of  die  focus ;  so  that 
'risuaUy  only  small  pieces  are  exposed  to  it. 

M.  de  Villette  afterwards  made  another  of  S4  inches 
diameter,  which  melted  all  sorts  of  metals,  even  iron  itself,  of 
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the  thickness  of  a  silver  crown,  in  less  than  a  minute  of  time, 
and  vitrified  brick  in  the  same  time ;  and  as  for  wood, 
whether  green  or  dry,  it  set  it  on  fire  in  a  moment. 


M.  Auzout's  Speculations  an  the  Changes  likely  to  be  discovered 
in  the  Earth  and  Moony  by  their  Inhabitants, —  [1665.] 
I  HAVE  sometimes  thought  on  the  changes  which  it  is 
likely  the  supposed  inhabitants  of  the  moon  might  discover 
in  our  earth,  to  see  whether  reciprocally  I  could  observe 
any  such  in  the  moon.  For  example,  that  the  earth  would 
appear  to  the  people  of  the  moon  to  have  a  different  face  in 
the  several  seasons  of  the  year  ;  and  to  have  another  appear- 
ance in  winter,  when  there  is  scarcely  any  thing  green  on  a 
very  great  part  of  the  earth ;  when  there  are  countries  all 
covered  with  snow,  others  all  covered  with  water,  others  all 
obscured  with  clouds,  and  that  for  many  weeks  together. 
Another  face  in  spring,  when  the  forests  and  fields  are  green. 
Another  in  summer,  when  all  are  yellow,  &c.  Methinks 
such  changes  are  considerable  enough,  by  the  force  of  the 
reflections  of  light,  to  be  observed,  since  so  many  differences 
of  lights  are  seen  in  the  moon. 

We  have  rivers  considerable  enough  to  be  seen,  and  they 
enter  far  enough  into  the  land,  and  have  a  breadth  sufficient 
to  be  observed.    There  are  fluxes  in  certain  places,  that 
reach  into  large  countries,  capable  of  making  there  some 
apparent  change ;  and  in  some  of  our  seas  there  float  some- 
times such  bulky  masses  of  ice,  that  are  far  larger  than  the    , 
objects  which  we  are   assured  we  can   see  in  the  moon. 
Again,  we  cut  down  whole  forests,  and  drain  marshes,  of  an 
extent  large  enough  to  cause  a  considerable  alteration  :  and 
men  have  made  such  work,  as  have  produced  changes  large 
enough  to  be  perceived.     In  many  places  also  are  volcanoes 
sufiiciently  large  to  be  distinguished,  especially  in  the  sha- 
dow :  and  when  forests  or  great  towns  are  on  fire,  it  can 
hardly  be  doubted,  but  these  luminous  objects  would  appear, 
either  in  aii  eclipse  of  the  earth,  or  when  such  parts  of  the 
earth*  are  not  illuminated  by  the  sun.     I  have  sometimes 
thought  whether  it  might  not  be,  that  all  the  seas  of  the 
moon,  if  there  must  be  seas,  were  not  on  the  side  of  the 
other  hemisphere,  and  that  for  this  cause  it  might  be  that 
the  moon  turns  not  her  axis,  as  our  earth,  in  which  the  lands 
and  seas  are,  as  it  were,  balanced.     This  also  may  be  the 
cause  why  there  appear  not  any  clouds  there,   nor  any 
vapours  considerable  enough  to  be  seen,  that  are  raised  from 
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the  earth;  and  that  this  absence  of  vapours  may  also  be  the 
reason  that  there  is  no  twDight  there,  as  it  seems  there  is 
none,  1  myself  at  least  not  being  able  to  discern  any :  for  I 
think  the  "reputed  inhabitants  of  the  moon  might  see  our 
twilight,  since  it  is  much  stronger  than  the  light  afforded  us 
by  the  moon,  eyen  when  full ;  for  a  little  after  sun-set,  when 
we  receive  no  more  the  first  light  of  the  sun,  the  sky  is  far 
clearer  than  it  is  in  the  fairest  night  of  the  full  moon.  And 
since  we  observe  in  the  moon,  when  she  is  increasing  or 
decreasing,  the  light  she  receives  from  the  earth,  we  cannot 
doubt  but  that  the  people  of  the  moon  should  likewise  see  in 
the  earth  the  light  with  which  the  moon  illuminates  it,  with 
perhaps  the  difference  there  is  between  their  magnftude. 
Much  more  then  should  they  see  the  crepuscular  light, 
being,  as  was  said,  incomparably  greater.  But  yet  we  see 
not  any  faint  light  beyond  the  section  of  the  light,  which  is 
almost  every  where  equally  strong,  and  we  there  distinguish 
nothing  at  all,  not  so  much  as  that  clearest  part  called  aris- 
tarchus,  or  porphyrkes,  as  I  have  often  tried ;  although  one 
may  there  see  the  light  which  the  earth  sends  tliither,  which 
is  sometimes  so  strong,  that  in  the  moon's  decrease  I  have 
oft^n  distinctly  seen  all  the  parts  of  the  moon  that  were  not 
enlightened  by  the  sun,  together  with  the  difference  of  the 
clear  parts  and  the  spots,  so  far  as  to  be  able  to  discern  them 
all.  The  shadows  also  of  all  the  cavities  of  the  moon  seem 
to  be  stronger  than  they  would  be  if  there  were  a  second 
l^bt.  For  although  afar  off  the  shadows  of  our  bodies,  en- 
vironed with  light,  seem  to  us  almost  dark ;  yet  they  do  not 
aj^ar  so  in  the  same  degree  as  the  shadows  of  the  moon ; 
and  those  on  the  edge  of  the  section  should  not  appear  in 
the  like  manner. 


SvDortM  of  mischievous  Insects,  in  New  England. — [1666.] 
Some  few  years  since  in  New  England,  there  was  such  a 
swarm  of  a  certain  kind  of  insects,  that  for  the  space  of  200 
miles  they  destroyed  all  the  trees  of  the  country.  There 
appeared  innumerable  little  holes  in  the  ground,  out  of  which 
they  broke  forth  in  the  form  of  maggots,  which  turned  into 
flies,  with  a  kind  of  tail  or  sting,  which  they  struck  into  the 
tree,  and  thereby  envenomed  and  killed  it. 

The  like  plaguy  is  said  to  happen  frequently  in  the  country 
of  the  Cossaks  or  the  Ukraine,  where  in  dry  summers  they  are 
infested  with  such  swarms  of  locusts,  driven  thither  by  an 
east  or  south-east  wind,  that  they  darken  the  air  in  tlie 
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fairest  weather,  and  devour  ail  the  com  of  that  country ; 
la^Dg  their  eggs  in  autumn,  and  then  dying ;  but  the  eggs, 
of  which  every  one  lays  two  or  threie  hundred,  hatching  the 
next  spring,  produce  again  such  a  number  of-  locusts,  as  to 
be  far  more  destructive  dian  before,  unless  rains  f^,  which 
kill  both  eggs  and  the  insects  themselves,  or  unless  a  strong 
north  or  ifiorth-west  wmd  arise,  which  drives  them  into  the 
Enxine  sea. 


Observations  on  the  Barometer,    By  Dr.  Wallis*  —  [  1666.] 

The  Doctor  never  observed  the  quicksilver  ^higher  than 
30  inches,  nor  lower  than  28,  at  least  within  ^  of  an  inch  of 
these  numbers,  either  over  or  under. 

In  thick  foggy  weather,  he  found  the  quicksilver  rise; 
which  he  ascribes  to  the  heaviness  of  the  vapours  in  the  air. 

In  sun-shiny  weather  it  rises  also,  and  commonly  the 
clearer  the  weather  the  higher  it  is ;  which  may  be  owing 
partly  to  the  vapours  raised  by  the  sun  and  increasing  the 
weight  of  the  air  ;  partly  to  the  heat  which  adds  to  the  elas- 
ticity of  the  air ;  which  latter  he  mentions,  because  m  sun- 
shiny weather,  which  became  afterwards  cloudy  for  an  hour 
or  two,  the  quicksilver  has  fallen ;  and  then  on  the  sun^s 
breaking  out  again,  it  has  risen  as  before. 

In  rainy  weather  it  falls,  because  "the  air  is  light  in  pro- 
portion to  the  quantity  of  vapours  that  falls ;  and  also  in 
snowy  weather,  but  not  so  much  as  in  rain ;  and  sometimes 
it  has  fallen  upon  a  hoar-f)-ost  in  the  night. 

In  windy  weather  it  generally  falls,  and  more  discemlbljr 
than  in  rainy,  owing  possibly  to  the  wind's  moving  the^  air 
laterally ;  and  thereby  preventing  its  pressure  downward* ; 
and  he  never  found  it  lower  than  in  high  winds. 

He  observed  the  quicksilver  fall  wiUiout  any  visible  caxise, 
but  upon  looking  abroad,  he  found  it  had  rained  at  some  dis- 
tance ;  whereby  the  heavier  air  might  have  in  part  discharged 
itself  on  the  lighter. 


The  JRotation  of  Jupiter  on  his  Axis,    By  Mr,  Hook  and 
M.  Cassim,  —  [1666.] 

About  nine  o'clock  at  night,  May  9th,  1664,  Mr.  Hook 
observed,  with  a  good  12-foot  telescope,  a  small  spot  in  the 
largest  of  the  three  obscurer  belts  of  Jupiter;  and,  observing 
it  from  time  to  time,  he  found  that  within  two  hours  after* 
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ibB  said  spot  had  moved  from  east  to  west^  about  half  the 
length  of  the  dianieter  of  Jupiter, 

According  to  M.  Cassini  there  arc;  two  sorts  of  spots  to  be 
seen  ia  the  disk  of  Jupiter  ;  the  one  being  only  the  shadows 
of  his  satellites,  the  ouier  sort  resembling  those  that  are  seen 
m  the  moon ;  and  they  are  perhaps  of  the  same  nAure  with 
those  called  belts.  They  move  from  the  eastern  to  the 
western  limb ;  their  apparent  motion  is  unequal,  and  swifler 
near  the  centre  than  the  circumference ;  and  they  are  never 
seen  so  well  as  when  they  approach  the  centre ;  for  in  ap- 
proaching the  circumference  they  become  very  narrow,  and 
s^nost  imperc^tible. ;  which  seems  to  argue  that  they, are 
flat  and  superficial. 

Among  these  spots,  there  is  none  so  observable  as  that 
situated  in  the  northern  part  of  the  southern  belt.  Its  dia- 
meter is  -^jy  of  Jupiter's ;  its  centre  when  nearest  is  distant 
from  that  of  Jupiter  about  -^  of  the  semidiameter  of  that 
planet; 

M.  Cassini,.  afteir  many  observations  during  the  summer  of 
I665»  found  that  the  period  of  its  apparent  revolution  is 
9  hours  56  minutes.  He  continued  to  observe  this  spot  till 
the  beginning  of  1666,  when  Jupiter  approached  to  the 
beams  of  the  sun ;  but  after  he  got  out  of  them  it  was  difficult 
to  be  discerned. 


General.  Heads  for  a  Natural  Sistory  of  a  Country.     By 

Mr.  Boyle.— iieeSJ} 

The  things  to  be  observed  in  such  a  history  may  be 
variously  divided :  as  into  supraterraneous,  terrestrial,  and 
subterraneous, 

1.  To  the  first  sort  df  particulars  belong  the  longitude 
and  latitude  of  the  place,  and,  consequently,  the  length  of  the 
longest  and  shortest  days  and  nights,  the  climate,  the 
parallels,  &c.;  what  fixed  stars  are,  and  what  are  not  seen 
there. 

2.  Concerning  the  air,  may  be  observed  its  temperature, 
as  to  the  first  four  qualities  and  the  measures  of  them  :  its 
weight,  clearness,  refractive  power;  its  subtilty  or  grossness; 
its  abounding  with  or  wanting  salts,  its  variations  according 
to  the  seasons  of  the  year,  and  the  times  of  the  day ;  what 
duration  the  several  lands  of r  weather  usually  have ;  what 
meteors  it  mostly  produces,-* and  in  what  order  they  are 
generated ;  and  how  long  they  usually  last ;  especially,  what 
winds  it  is  subject  to  ;  whether  any  of  them  be  stated  and 
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ordinary,  &c.  What  diseases  are  epidemical;  what  is  the 
usual  salubrity  or  insalubrity  of  the  air ;  with  what  constitu- 
tions it  agrees  better  or  worse  than  others. 

3.  Concerning  the  water,  may  be  observed  the  sea,  its 
depth,  degree  of  saltness,  tides,  currents,  &c.  Next  rivers, 
their  width,  length,  course,  inundations,  goodness,  lightness 
of  waters,  &c.  Then  lakes,  ponds,  springs,  and  especially 
mineral  waters,  their  kinds,  qualities,  virtues,  and  how  ex- 
amined. To  the  waters  belong  also  fishes,  their  kinds, 
whether  salt  or  fresh  water  fish ;  their  quantity,  size,  good- 
ness, seasons,  haunts,  peculiarities  of  any  kind,  and  the 
ways  of  taking  them,  especially  those  that  are  not  purely 
mechanical, 

4.  In  the  earth  may  be  observed, 

1.  Itself.  2.  Its  mhabitants  and  its  productions,  both 
external  and  internal. 

First,  In  the  earth  itself  may  be  observed,  its  dimensions, 
situation,  east,  west,  north,  and  south :  its  figure,  its  plains 
and  valleys,  and  their  extent ;  its  hills  and  mountains,  and 
their  height;  and  whether  they  lie  scattered  or  in  ridges^ 
and  in  \vhat  directions  they  run,  &c.  What  promontories, 
fiery  or  smoking  hills,  &c.  What  the  magnetic^  declination 
is  in  several  places,  and  the  variations  of  that  declination  in 
the  same  place :  what  the  nature  of  the  soil  is,  whether  clay, 
sandy,  &c.  or  good  mould ;  and  what  grains,  fruits,  and 
other  vegetables,  do  the  most  naturally  agree  with  it:  also, 
by  what  particular  arts  the  inhabitants  improve  the  ad- 
vantages and  remedy  the  inconveniences  of  their  soil  ? 

Secondly,  There  must  be  given  a  careftd  account  of  the 
inhabitants  themselves,  particularly  their  stature,  shape, 
colour,  features,  strength,  agility,  beauty,  complexions,  hair, 
die,t,  inclinations,  and  customs.  Of  the  women,  there  may 
be  observed  their  fruitfulness  or  barrenness,  their  hard  or 
easy  labour,  &c.  What  diseases  both  women  and  men  are 
subject  to,  and  unusual  symptoms  attending  them. 

As  to  the  external  productions  of  the  earth,  the  inquiries 
may  be  such  as  these  :  What  grasses,  grains,  herbs,  flowers, 
fruit-trees,  timber-trees,  coppices,  groves,  woods,  forests,  &c. 
What  peculiarities  are  observable  in  any  o£  them :  what 
soils  they  best  thrive  in.  What  animals  the  country  has, 
either  wild  or  tame. 

The  internal  productions  or  concealments  of  the  earth,  are 
here  understood  to  be  the  riches  that  lie  hid  under  the 
ground,  and  are  not  already  referred  to  other  enquiries : 
what  sorts  of  minerals  and  quarries  the  country  affords,  and 
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tfae  particular  conditions  both  of  the  quarries  and  the  stones : 
also,  how  the  beds  of  stone  lie,  in  reference  to  north  and 
south,  &c  What  clays  and  earths  it  affords,  as  tobacco 
pipe*clay,  marls,  fidlers'  earths,  earths  for  potters'  wares, 
boluses,  and  other  medicated  earths :  what  other  minerals  it 
yields,  as  coals,  salt-mines,  or  salt-springs,  alum,  vitriol, 
sulphur,  &C.  What  metals  the  country  yields,  and  a  de- 
scription of  the  mines,  their  number,  situation,  depth,  signs, 
waters,  damps,  quantities  of  ore,  goodness  of  ore,  extra- 
neous things,  and  ways  of  reducing  their  ores  into  metals, 
&c. 


Of  four  Su7is  observed  in  /VawJ«.—  [1666.] 
On  the  9th  of  April,  1666^about  half  an  hour  past  nine* 
there  appeared  three  circles  in  the  sky.-  One  of  them, 
tc  hn  (see  engraving),  was  very  large,  a  little  interrupted, 
and  white  every  where,  without  the  mixture  of  any  other 
colour.  It  passed  through  the  middle  of  the  sun's  disk,  and 
was  parallel  to  the  horizon.  Its  diameter  was  above  100 
degrees,  and  its  centre  not  far  from  the  zenith  a. 


The  second,  debo,  was  much  less,  and  deficient  in  some 
places,  having  the  colours  of  a  rainbow,  especially  in  that 
part  which  was  within  the  great  circle.  It  had  the  true  sun 
for  its  centre. 

The  third,  hdn,  was  less  than  the  first,  but  greater  than 
the  second :  it  was  not  entire,  but  only  an  arch  or  portion  of 
t  circle,  whose  centre  was  far  distant  from  that  of  the  sun, 
and  whose  circumference  about  its  middle  d  was  joined  to 
that  of  the  least  circle,  intersecting  the  greatest  circle  at  its 
two  extremities  hn.  In  this  circle  were  discerned  also  the 
colours  of  a  rainbow,  but  they  were  not  so  strong  as  those 
of  the  second. 

£  4 
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At  the,  part  where  the  circumference  of  this  third  cirgle 
cloaed  with  that  of  the  second,  there  was  a  great  brightness 
of  rainbow-colours  mixed  together:  and  at  the  two  ex- 
tremities, where  this  second  circle  intersected  the  first, 
appeared  two  parhelias  or  mock  suns  hn;  which  shone 
yerj  bright,  but  not  so  bright  oi^  so  well  defined  as  the  true 
sun.  The  false  sun  h,  towards  the  south,  was  larger,  and 
far  more  luminous  than  that  towards  the  east. 

Besides  those  two  parhelias  which  were  on  the  two  sides 
of  the  true  sun,  in  tile  intersection  of  the  first*  and  third 
circle,  there  was  also  upon  the  first  great  circle  a  third  mo.ck 
sun  c,  situated  to  the  north,  which  was  less  andless  bright 
than  the  two  others.  So  that  at  the  same  time  there  were 
seen  four  suns  in  the  heavens.  There  was  also  a  very  dark 
space  between  d  and  r. 

This  appearance  is  considered  as  one  of  the  most  remark- 
able that  can  be  seen,  by  reason  of  the  excentricity  of  the 
circle  hdn,  and  because  the  parhelia  were  not  in  the' 
intersection  of  the  circle  deho  with  the  great  circle 
schriy  but  in  that  of  the  semicircle  hdn.  Which  are 
different  from  the  position  of  those  five  suns  seen  at  Rome 
on  March  29.  1629,  between  two  and  three  o'clock  A.  M., 
two  of  them  appearing  in  the  mtersection  of  a  circle  passing 
through  the  sun*s  disk,  with  another  that  was  concentric  with 
the  sun,  as  in  the  engraving. 


Hypothesis  on  the  Flux  and  Reflux  of  the  Sea.     ByDr.JoBur 
Wallis.—  [1666.] 

The  sea's  ebbing  and  flowing  has  so  great  a  connexion 
with  the  moon's  motion,  that  all  philosophers  have  attributed 
much  of  its  cause  to  the  moon,  ^Fhich  either  by  some  occult 
quality^  or  particular  influence  which  it  has  on  moist  ^ 
bodies,  or  by  some  magnetic  virtue,  drawing  the  water 
towards  it,  which  should  therefore  make  the  water  highest 
where  the  moon  is  vertical,  or  by  its  gravity  and  pressure 
downwards  upon  the  terraqueous  globe,  which  should  make 
it  lowest,  where,  the  moon  is  vertical,  or  by  whatever  other 
means,  has  so  great  an  influence  on,  or  at  least  connexion 
with,  the  sea's'  flux  and  reflux,  that  it  would  seem  very 
unreasonable  to  separate  the  consideration  of  the  moons 
motion  from  that  of  the  sea :  the  periods  of  tides,  to  say 
nothing  of  the  greatness  of  them  near  the  new  and  full  moon, 
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8p  constantly  waiting  on  the  moan's  motion,  that  it  may  be 
well  presumed,  that  either  the  one  is  governed  by  the  other, 
or  at  least  both  by  some  common  cause. 

But  the  first  that  I  know  who  took  in  the  consideration  of 
the  earth's  motion,  diumid  and  annual,  was  Galilaeo,  who,  in 
his  System  of  the  World,  has  a  particular  discourse  on  this 
subject;  which,  from  the  first  time  I  read  it,  seemed  to  me 
so  very  rational,  that  I  could  never  be  of  another  opinion,  than 
that  &e  true  account  of  this  great  phenomenon  was  to  be 
refisrred  to  the  earth's  motion  as  the  principal  cause  of  it ; 
yet  that  of  the  moon  not  to  be  excluded  as  to  the  determining 
the  periods  of  tides,  and  other  circumstances  concerning 
them.  And  though  it  be  manifest  enough,  that  Galilaeo,  as 
to  some  particulars,  was  mistaken  in  the  account  which  he 
there  gives  of  it ;  yet  that  may  be  very  well  allowed,  without 
any  blemish  to  so  deserving  a  person,  or  prejudice  to  the 
main  hypothesis:  for  that  discourse  is  to  be  looked  upon 
only  as  an  essay  of  the  general  h3q>othe8i8;  which  as  to 
particulars  was  to  be  afterwards  adjusted,  firom  a  good  General 
History  of  Tides,  which  it  is  manifest  enough  that  he  had 
not. 

1.  The  diurnal  reciprocation;  whm'eby  twice  in  somewhat 
more  than  24r  hours  we  have  a  flood  and  an  ebb ;  or  a  high* 
water  and  low-water. 

%,  The  menstrual ;  whereby  in  one  synodical  period  of  the 
moon,  suppose  firom  Aill  moon  to  full  moon,  the  time  of  those 
diurnal  yicLisitudes  moves  round  through  the  whole  compass 
of  the  natural  day  of  2^  hours  ;  as  for  instance,  if  at  the  full 
9ioon  the  full  sea  be  at  such  or  such  a  place  just  at  noon,  it 
shall  be  the  next  day  at  the  same  place  somewhat  before  one 
of  tlie  clock ;  the  day  following,  between  one  and  two ;  and 
so  onward,  till  at  the  new  moon  it  shall  be  at  midnight ;  the 
other  tide,  which  in  the  full  moon  was  at  midnight,  now  at 
Uie  new  moon  coming  to  be  at  noon ;  and  so  forward,  till  at 
the  next  fuJU  moon  the,  full  sea  shall  at  the  same  place  come 
to  be  at  noon  again :  again,  that  of  the  spring-tides  and 
neap-tides ;  about  the  full  moon  and  new  moon  the  .tides  are 
at  the  highesl^  at  the  quadratureii  the  tides  are  at  the  lowest ; 
and  at  the  times  intermediate,  prpportionably. 

3.  The  annual ;  wherdi^y  it  is  observed,  that  at  some  part 
c^  the  year,  the  spring-tides  are  yet  much  higher  than  the 
spring-tides  at  others,  which  times  are  usually  taken  to  be  at 
the  spring  and  autumn,  or  the  two  equinoxes. 

Now  in  order  to  give  account  of  these  three  periods, 
apcording  to  the  laws  of  motion  and  mechanic  principles,  we 
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shall  first  take  for  granted,  what  is  now  pretty  commonly 
entertained  by  those  who  treat  of  such  matters,  that  a  body 
in  motion  is  apt  to  contmue  its  motion,  and  in  the  sattie 
degree  of  celerity,  unless  hindered  by  some  contrary  im- 
pediment, like  as  a  body  at  rest  is  apt  to  continue  so,  unless  by 
something  actmg  on  it  put  into  motion ;  and  accordingly,  if  on 
a  board  or  table  some  loose  incumbent  weight  be  for  some 
time  moved,  and  have  thereby  contracted  an  impetus  to 
motion  at  such  a  rate  ;  if  that  board  or  table  chance  by  some 
external  obstacle  or  otherwise  to  be  stopped  or  consiaerably 
retarded  in  its  motion,  the  incumbent  loose  body  will  shoot 
forward  upon  it;  and  contrariwise,  in  case  that  board  or 
table  chance  to  be  accelerated  or  put  forward  with  a  con- 
siderably greater  speed  than  before,  the  loose  incumbent 
body,  not  having  yet  obtained  an  equal  impetus  with  it,  will 
be  left  behind,  or  seem  to  fly  backward  upon  it 

Or,  if  a  broad  vessel  of  water,  for  some  time  evenly 
carried  forward  with  the  water  in  it,  chance  to  meet  with  a 
stop,  or  to  slack  its  motion,  the  water  will  dash  forward  and 
rise  higher  at  the  fore  part  of  the  vessel ;  and  contrariwise, 
if  the  vessel  be  suddenly  put  forward  faster  than  before,  the 
water  will  dash  backwards,  and  rise  at  the  hinder  part  of  the 
vessel.  So  that' an  acceleration  or  retardation  of  the  vessel 
which  carries  it  will  cause  a  rising  of  the  water  in  one  part, 
and  a  falling  in  another ;  although,  by  its  own  weight,  it  will 
again  be  reduced  to  a  level  as  it  was  before.  And,  con- 
sequently, supposing  the  sea  to  be  but  as  a  loose  body, 
carried  about  with  the  earth,  but  not  so  united  to  it,  as 
necessarily  to  receive  the  same  degree  of  impetus  with  it  as 
its  fixed  parts  do,  the  ^acceleration  or  retardation  in  the 
motion  of  this  or  that  part  of  the  earth  will  cause  such  a 
dashing  of  the  water,  or  rising  at  one  part  with  a  falling  at 
another,  as  what  we  odl  the  flux  and  reflux  of  tlie  sea. 

Now,  this  premised,  we  are  next  to  suppose  the  earth 
carried  about  with  a  double  motion;  the  one  annual,  the 
other  diurnal,  whereby  the  whole  moves  upon  its  own  axis, 
and  each  point  in  its  surface  describes  a  circle.  It  is  then 
manifest,  that  if  we  suppose  that  the  earth  moved  but  by 
any  one  of  these  motions,  and  that  regularly,  the  water 
having  once  attained  an  equal  impetus  thereunto,  would 
still  hold  equal  pace  with  it;  but  the  true  motion  of  each 
part  of  the  earth's  surface  being  compounded  of  those  two 
motions,  the  annual  and  diurnal ;  while  a  point  in  the  earth's 
surface  moves  about  its  centre,  and  at  the  sam?  time  its 
centie  be  carried  forwards,  the  true  motion  of  that  point 
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forwards  is  made  up  of  both  those  motions ;  but  while  the 
point  on  one  side  moves  backward  contrary  to  the  annual 
motion,  so  the  true  motion  is  but  the  difference  of  it ;  so  that 
the  diurnal  motion  in  that  part  of  the  earth  which  is  next 
the  sun  abates  the  progress  of  the  annual,  and  in  the  other 
part,  which  is  from  the  sun,  it  increases  it,  that  is,  in  the  day- 
time there  is  an  abatement,  and  in  the  night-time  an  addition 
to  the  annual  motion,  about  as  much  as  the  earth's  diameter: 
which  would  afford  us  a  cause  of  two  tides  in  twenty-four 
hours;  the  one  upon  the  greatest  acceleration  of  motion, 
the  other  upon  its  greatest  retardation. 

And  thus  iar  CraUheo's  discourse  holds  weU  enough  as  to 
principle ;  but  then  in  this  it  comes  short,  that  as  it  gives  an 
account  of  two  tides,  so  those  two  tides  are  always  at  noon 
and  midnight ;  whereas  experience  tells  us  that  the  time  of 
tides  moves  in  a  month's  space  through  all  the  24  hours. 
Of  this  he  gives  us  no  account.  For  though  he  takes 
notice  of  a  menstrual  period,  yet  he  does  it  only  as  to  the 
quantify  of  the'  tides,  greater  or  less ;  not  as  to  the  time  of 
the  tides,  sooner  or  later. 

The  earth  and  moon  being  known  to  be  bodies  of  so  great 
connexion  (whether  by  any  magnetic,  or  what  other  tie 
I  will  not  determine)  as  that  the  motion  of  the  one  follows 
that  of  the  other,  may  well  enough  be  looked  upon  as  one 
body,  or  rather  one  aggregate  of  bodies  which  have  one 
common  centre  of  gravity ;  which  centre,  according  to  the 
known  laws  of  statics,  is  in  a  straight  line  connecting  their 
respective  centres,  so  divided  as  that  its  parts  be  in  reciprocal 
proportion  to  the  gravities  of  the  two  bodies. 

Now  supposing  the  earth  and  moon  jointly  as  one  body, 
carried  about  by  the  sun  in  the  great  orb  of  the  annual 
motion ;  this  motion  is  to  be  estimated  according  to  the  laws 
of  statics,  as  in  other  cases,  by  the  motion  of  the  common 
centre  of  gravity  of  both  bodies.  For  we  are  accustomed  in 
statics  to  estimate  a  body  or  aggregate  of  bodies  to  be  moved 
upwards,  downwards,  or  otherwise,  so  much  as  its  common 
centre  of  gravity  is  so  moved,  howsoever  the  parts  may 
change  places  amongst  themselves.  And  accordingly  the 
line  of  the  annual  motion  will  be  described,  not  by  the  centre 
of  the  earth,  nor  by  the  centre  of  the  moon,  but  by  the 
common  centre  of  gravity  of  the- bodies,  the  earth  and  moon, 
as  one  aggregate. 

So  that  in  pursuance  of  Galilaeo's  notion,  the  menstrual 
adding  to  or  detracting  from  the  annual  motion  should 
either  leave  behind  or  cast  forward  the  loose  waters  in- 
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cumbent  on  the  earth,  and  thereby  cause  a  tide  dr  accu- 
mulation  of  waters ;  and  most  of  sul  at  the  full  moon  and 
new  moon,  where  those  accelerations  or  retardations  are 
greatest.  Now  this  menstrual  motion,  if  nothing  else  were 
superadded  to  the  annual,  would  give  us  two  tides  in  a 
month,  and  no  more;  the  one  upon  the  acceleration,  the 
other  on  the  retardation,  at  new  moon  and  full  moon ;  and 
two  ebbs  at  the  two  quarters ;  and  in  the  intervals  rising  and 
falling  water.  But  the  diurnal  motion  superadded,  do&  the 
same  to  this  menstrual,  as  Galilaeo  supposes  it  to  do  to  that 
annual;  thaU  is,  adds  to>  or  subtracts  fron^,  the  menstrual 
acceleration  or  retardation ;  and  so  gives  us  tide  upon  tide. 

But  here  also  we  are  to  take  notice,  that  though  all  parts 
pf  the  earth  by  its  diurnal  motion  do  turn  about  its  axis,  and 
describe  parallel,  yet  not  equal  circles,  but  greater  near  the 
equinoctial,  and  less  near  the  poles;  which  may  be  a 
cause  why  the  tides  in  some  parts  may  be  much  greater  than 
in  others.  But  this  belongs  to  the  particular  considerations) 
not  to  the  general  hypothesis. 


€f  Worms  that  eat  Stones  and  Mortar,    By  M.dela  Voye*->^ 
[1666.] 

In  a  large  and  very  ancient  wall  of  free-stone  in  the 
Benedictinesf'  Abbey  at  Caen  in  Normandy,  facing  aoutiiward, 
are  found  many  stones  so  eaten  by  worms,  that  one  mi^  nm 
one's  hand  into  most  of  the  cavities.  In  these  cavities  there 
is  abundance  of  live  worms  with  their  encrement,  and  of  the 
stone  dust  which  they  eat.  Between  many  of  the  cavities 
there  remain  but  leaves  as  it  were  of  stone,  very  thin,  which 
part  them.  I  have  taken  some  of  these  living  worms,  which 
I  found  in  the  eaten  stone,  and  put  them  into  a  box  with 
several  bits  of  the  stone,  leaving  them  there  together  for 
the  space  of  eight  days ;  and  then  opening  the  box,  the  atone 
seemed  to  me  so  sensibly  eaten,  that  I  could  no  longer  doubt 
ofit 

These  worms  are  inclosed  in  a  shell  which  is  greyisk^-and 
of  the  size  of  a  barley-corn,  sharper  at  one  end  than  the 
other.  By  means  of  an* excellent  microscope  I  have  observed^ 
that  this  shell  is  all  overspread  with  little  stones  and  small 
greenish  eg^s ;  and  that  there  is  at  the  sharpest  end  a  little 
hole,  by  which  these  creatures  discharge  their  excrement ; 
^d  at  the  other  end  a  somewhat  larger  hole,  through  which 
tjiey  put  out  their  heads  and  fasten  themselves  to  the  stones 
they  gnaw.    They  are  not  so  shut  up  but  that  sometimes 
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Ihey  come  out  and  walk  abroad.  Thty  are  all  Made,  about 
twq  lines  of  an  inch  loii^  and  three  quarters  of  a  line  broad. 
Their  body  is  distinguished  into  several  plies  or  folds,  and 
near  their  head  they  have  three  feet  on  each  side,  which 
have  bnt  ti^o  joints  resembling  those  of  a  louse.  When  they 
move,  their  body  is  commonly  upwards,  with  their  moath 
against  the  stone.  They  have  a  large  head,  somewhat  flat 
and  even,  of  the  colour  of  a  tortoise-shell,  with  seme  small 
white  hair.  Their  mouth  is  also  large,  where  may  be  seen 
four  kinds  of  jaw-bones,  lying  crosswise,  whilsh  they  move 
continually,  opening  and  shutting  them  like  a  pair  of  com«- 
passes  with  four  branches.  The  jaws,  on  both  sides  of  the 
mouth,  are  all  blacks  the  nether-jaw  has  a  point  like  the 
sting  of  a  bee,  but  uniform*  They  draw  threads  out  of  thenr 
mouth  with  their  fore-feet,  unng  that  point  to  range  than, 
and  to  form  their  shells  of  them.  They  have  ten  eyes,  verr 
black  and  round,  which  appear  to  be  larger  than  a  pin's  head 
There  af^  five  of  them  on  each  side  of  &e  head. 

Besides  these  worms,  I  have  foimd  that  mortar  is  eaten  b^ 
an  immense  number  of  snmll.  creatures^  of  the  size  of  cheese 
mites.  These  have  but  two  eyes^  and  are  blackish.  Thej 
have  four  feet  on  each  side  pretty  long*  The  point  of  their 
muzzle  is  very  sharp,  like  that  of  a  spider. 

You  may  observe  more  of  them  m  waUs  e^qposed  to  the 
south  than  in  others.  The  worQis  that  eat  the  stone  live 
)ong^  than  those  that  eat  the  mortar,  whkh  scarcely  live 
^bove  eight  days.  I  have  observed  all  their  parts  with  a 
good  microscc^,  without  which,  and  a  great  deal  of  atten>* 
tion,  it  is  difficult  to  see  them  well. 


Observations  on  Ants..    By  -^-  Edmuhd  Kino*  —  [1667.] : 

Thsrb  have  occurred  to  my^  observation  but  three  sorts 

of  ants,   commonly  without  wmgs;  viz.  very  black,  dark 

brown,  and  the  thjr^  sort  of  nearly  the  colour  usually  c^ed 

feuillemort. 

Each  kipd  have  disthict  habitations  in  their  several 
banks,  two  sorts  seldom  or  never  being  £>und  together ;  and 
and  if  either  of  the  pther  two  sorts  be  put  into  the  black 
aifits'  bank,  it  is  wai^h  objserving  what  enmity  there  is  be- 
tween these  little  creatures,  and  wi^  what  violence  the 
black  ones  will  seize  on  the  red,  pinchii^  them  on  the  head 
with  forceps  or  claws,  till  they  have  lulled  them,  which  done, 
they  will  carry  them  out  o£  Uie  field  from  their  bcmk.  But 
if  you  put  black  ^ts  into  a  hank  of  the  red,  the  black  seem 
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to  be  60  sensible  of  the  strangeness  of  the  place  they  are  in, 
that  there  they  will  not  meddle  with  the  red,  but  as  if  they 
were  frightened,  and  concerned  for  nothing  but  self-preserv- 
ation, run  away. 

Upon  opening  these  banks,  I  observe  first  a  white  sub- 
stance, which  to  the  bare  eye  looks  like  the  scatterings  of 
fine  white  sugar  or  salt,  but  very  soft  and  tender  i  and  if  you 
take  a  bit  of  it,  as  big,  perhaps,  as  a  mustard-seed,  and  lay  it 
on  the  object-plate  of  a  good  microscope,  you  may,  by  open- 
ing it  with  the  point  of  a  needle,  discern  many  pure  white 
and  clear  appearances  in  distinct  membranes,  all  figured  like 
the  lesser  sort  of  birds'  eggs,  and  as  clear  as  a  fish's  bladder.^ 
This  same  substance  I  find  in  the  ants  themselves,  which  I' 
take  to  be  the  true  ants'  eggs  ;  it  being  obvious  that  wherever 
this  is  uncovered,  they  make  it  their  business  to  carry  it  away 
in  their  mouths  to  secure  it,  and  will,  after  you  have  scat- 
tered it,  lay  it  on  a  heap  again  with  what  speed  they  can. 

I  observe  they  lie  in  multitudes  upon  this  spawn;  and 
afier  a  little  time,  every  one  of  these  small  adherents  is 
turned  into  a  little  vermide,  as  small  as  a  mite,  hardly  dis- 
cerned to  stir ;  but  after  a  few  days  more  you  may  perceive 
a  feeble  motion  of  flexion  and  extension,  and  they  begin  to 
look  yellowish  and  hairy,  shaped  very  like  a  small  maggot ; 
and  so  keeping  that  shape  grow  almost  as  large  as  an  ant, 
and  have  every  one  a  blade  spot  on  them. 

Then  they  get  a  film  over  them,  whitish  and  of  an  oval 
shape,  for  which  reason  I  suppose  they  are  commonly  called 
ants'  eggs,  which  yet,  properly  speaking,  they  are  not. 
Tliese  are  the  chrysaiids. 

I  have,  to  prevent  mistakes,  opened  many  of  these 
vulgarly  called  ants*  eggs,  I  mean  the  lesser  sort,  (for  there 
are  some  as  big  as  a  wheat-corn,  others  less  than  a  rye-corn,) 
and  in  some  I  find  only  a  maggot,  to  appearance  just  such 
as  was  described  before :  in  others  I  find  a  maggot  beginning 
to  put  on  the  shape  of  an  ant  about  the  head,  with  two  little 
yellowish  specks  where  the  eyes  are  designed :  in  others  a 
further  progress,  and  fttraished  with  every  thing  to  con^)lete 
the  shape  of  an  ant,  but  wholly  transparent,  the  eyes  only 
excepted,  which  are  then  as  black  as  black  bugles. 

But  when  they  have  newly  put  on  this  shape,  I  could 
never  discern  the  least  motion  in  any  part  of  the  little  crea- 
ture, the  reason  of  which  may  perhaps  be  the  weakness  of 
their  fibres  ;  for  after  a  little  more  time,  when  they  begin  to 
be  brownish,  they  have  strength  to  stir  all  their  parts. 

At  last  I  met  with   some  of  these  reputed  eggs,  which 
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having  carefully  opened,  I  took  out  of  several  of  them  every 
way  per^ct  and  complete  ants,  which  immediately  crept 
about  among  the  rest,  no  way  differing  from  many  other  ants, 
but  by  a  more  feeble  motion  of  their  limbs.  And  this  I  took 
for  a  clear  demonstration  of  what  I  wished  to  know,  that  the 
film  covers  the  maggot  only  while  she  is  transforming  into 
an  ant,  and  till  fit  to  shift  for  herself 

The  black  speck  that  is  at  one  end  oi  every  such 
reputed  ant's  egg,  I  suppose  to  be  cast  out  of  the  maggot  in 
her  transformation ;  since  after  it  puts  on  the  sfaqie  of  an 
ant  the  speck  is  quite  gone,  and  the  whole  body  of  the  ant 
dear ;  since  also  this  spedc  at  the  end  of  the  said  egg  lies 
%dways  close  to  the  anus  of  the  indosed  ant. 

As  to  their  care  for  their  young,  (by  wiiich  I  mean  ail 
the  sorts  and  degrees  aforesaid,  firom  tne  spawn  to  the  vul- 
garly called  ^^s,  in  every  one  of  which  you  will  find  a 
young  ant,)  it  is  observable,  how  upon  the  breaking  up  <^ 
their  banks  they  make  it  their  business  immediately  to  cany 
their  yoxmg  out  of  si^t  again,  laying  the  several  sorts  of 
them  in  several  places  and  heaps ;  which  if  you  mingle  again 
or  scatter,  you  shall,  laying  but  some  bits  of  slate  or  the  like 
in  any  place  they  may  come,  to  and  get  under,  after  a  few 
hours  see  all  the  vermicles  and  vukarly  called  ^ga  hud  in 
their  several  and  distinct  parcels  xmSex  sudi  pieces  of  slate» 
&c,  provided  the  place  be  not  so  cold  as  to  <mill  thdr  limbs ; 
which  if  it  be,  by  being  brought  to  the  fire  they  will  soon 
recover  their  strength,  and  fall  to  their  business  again  of  se^ 
curing  their  little  ones. 

I  have  observed  in  summer,  that  in  the  morning  they 
bring  up  those  of  their  young  (which  are  vulgarly  called  ants* 
e^s)  towards  the  top  of  the  bank ;  so  that  you  may  firom 
ten  in  the  morning  until  five  or  six.  in  the  afternoon  find 
them  near  the  top;  especially  about  one,  two,  or  three 
o'dock  and  later,  if  the  weather  be  hot,  when  for  the  most 
part  they  are  found  on  the  south  side  of  the  bank,  so  that 
towards  seven  or  eight  at  night,  if  it  be  cool  or  likely  to  rain, 
you  may  dig  a  foot  deep  before  you  can  find  them. 

They  know  all  the  sorts  of  their  young  so  well,  that  you 
cannot  deceive  them ;  though  you  may  with  fine  sugar,  salt, 
or  the  crums  of  very  white  stale  bread  scattered  in  the 
mould  where  their  first  true  eggs  are  (as  I  call  them)  be  mis^ 
taken  yourself^  yet  the  ants  w3l  no^  nor  touch  a  bit  of  what 
is  not  their  own  ofifepring. 
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Experiments  concerning  the  Relation  between  Air  and  Light 
in  shining  Wood  and  Fish.    By  Mr.  J?ori£.— [1668.] 

:  On  putting  a. piece  of  shining  rotten  wood  into  the 
receiver  of  an  air-pump,  and  the  pump  being  set  to  work,  we 
observed  not,  during  the  five  or  six  first  strokes,  that  the 
splendour  of  the  included  wood  was  lessened,  but  about  the 
seventh  it  seemed  to  grow  a  little  more  dim,  and  afterwards^ 
losing  of  its  light  more  and  more  as  the  air  was  further 
pumped  out,  at  length,  about  the  tenth  stroke,  we  could  not 
.  perceive  any  light  at  aJl  to  proceed  from  the  wood. 
.  We  let  in  the  air  again  by  degrees,  and  had  the  pleasure 
to  see  the  seemingly  extinguished  light  revive  so  fast,,  and 
perfectly,  that  it  looked  to  us  almost  like  a  little  flash  of 
lightning,  and  the  splendour  of  the  wood  seemed  rather 
greater  than  before  it  was  put  into  the  receiver.  On  includ- 
ing the  wood  in  a. very  small  receiver  of  dear  glass,  it  was 
found  that  in  this  the  light  would  begin  to  grow  fiunt  at  the 
second  tor  thnrd  stroke,  and  at  the  sipcth  or  seventh  would 
quite  disappear. 

.  Having  exhausted  the  receiver,  till  the  wood  quite  disap- 
peared,  we  stayed  above  a  quarter  of  an  hour  m  the  dark, 
Without  perceiving- that  the  wood  had  regained  tuiy  thing  oi 
light,  and  then,  on  letting  in  the  air,  the  wood  presently  re* 
covered  its  light. 

On  placing  a  piece  of  red-hot  iron  properly  within  the 
receiver,  a^dd  exhausting  the  air,  the  operation  seemed  not 
to  have  any  effect  on  it  as  to  alter  its  shming. 

Having  taken  a  stale  and  shining  fish  that  was  almost  all 
over  huninouB,  though  much  more  in  the  belly  and  some 
purts  of  the  head  than  elsewhere,  and  having  suspended  him 
in  a  conveniently  shaped  receiver,  and  having  exnausted  the 
receiver  as  much  as  usual,  it  appeared,  indeed,  especially 
towards  the  latter  end  of  the  operation,  that  the  absence  of 
the  air  considerably  lessened,  and  in  some  places  eclipsed 
the  light  of  those  parts  that  shone  less  strongly ;  but  the 
bell^  appeared  not  much  less  luminous  than  before.  On  re-  . 
admitting  the  air,  the  light  was  perceived  to  be  as  it  were 
revived  and  increased,  those  parts  of  the  fish  that  were  scarce 
visible  before,  or  shone  but  dimly,  receiving  presently  their 
former  splendour. 

Having  put  into  the  receiver  small  pieces  of  rotten  fish, 
that  shone  some  of  them  mere  faintly  and  some  of  them 
more  vividly  in  respect  to  one  another,  and  having  in  a  very 
small  and  clear  receiver  so  far  drawn  off  the  air  as  to  make 
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the  included  body  disappear ;  after  thus  keeping  out  the  air 
for  about  twenty-four  hours,  and  then  allowing  it  to  re-enter 
in  a  dark  place  and  late  at  night,  upon  its  first  admittance  the 
fish  regained  its  light. 

Having  put  a  piece  of  shining  fish  into  a  wide-mouthed 
glass,  about  half  filled  with  fiiir  water,  and  placed  this  glass 
in  a  receiver,  the  air  was  exhausted  for  a  good  while ;  it 
could  not  be  perceived  that  eitiier  the  absence  or  return  of 
the  air  had  any  great  efiect  upon  the  light  of  the  immersed 
body. 

Placing  a  very  luminous  piece  of  shining  fish  in  the  re- 
ceiver, afler  exhausting  it  was  kept  there  48  hours^  in  which 
time  its  light  gradually  and  wholly  vanished ;  but  on  restoring 
the  air  it  recovered  its  light  aflain,as  in  the  former  instances 

The  resemblances  between  burning  coal  and  shining  wood 
are  as  follow:  —  1.  Both  live  coal9  and  shining  wood  are 
luminous  by  their  own  light.  — -*  2.  Both  shining  wood  and 
burning  cosU  require  the  presence  of  the  air.**-  d«  Both  ahin* 
ing  wood  and  a  burning  coal  having  been  deprived  for  a  time 
of  their  light,  by  the  withdrfKwintt  of  the  contiguous  air,  may 
recover  it  by  presently  letting  m  fresh  air  upon  thiaa*  — 
4.  Both  live  coal  and  shining  wood  are  easily  extinguished 
by  water  and  many  other  Hquors. 

Their  differences  are  as  follow :  —  1»  Ahhough  the  light 
of  the  coal  is  readily  extinguishable  by  compression,  the 
Wood  is  n6t  affected  by  it.  -r-  §.  A  live  coal  will  m  a  very  few 
minutes  be  totally  extinguished  by  withdrawing  the  air; 
whereas  shining  wood  immediately  recovers  its  light  if  the 
air  be  admitted  again. -7  3.  A  live  coal  being  put  into  a  small 
dose  glass  continues  to  bum  only  a  very  ^w  minutes ;  but 
a  piece  of  shining  wood  contmues  to  shine  for  whole  days.  — 
4.  A  coal  as  it  bums  emits  a  great  deal  of  smoke  or  exhala- 
tions ;  but  luminous  wood  doed  not.  —  5.  A  cot^  in  shining 
wastes  at  a  great  rate ;  but  shining  wood  does  not.  —  6.  Live 
coal  is  vehemently  hot ;  whereas  shining  wood  is  not  sensibly 
lukewarm. 

Afioaunt  ^  the  celebrcUed  Dr.  Harvey^  cf  Thomjs  Pabb^ 
who  died  in  London  ai  the  Age  of  152  Years  and  nine 
ilfon^.-^[1669.] 

Parr  was  a  poor  countryman  of  Shropshire,  whence  he 
was  iHTOUght  to  Londcm  by  Thomas  Earl  of  Arundel  to  be 
shown  to  Charles  I. ;  and  he  died  Nov.  14. 16S5,  after  he  had  ' 
out-lived  nine  sovereigns,  and  during  the  reign  of  the  tenth, 
at  the  age  of  152  years  and  nine  months. 
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Being  opened  after  his  death,  his  body  was  found  very 
fleshy,  and  his  breast  hairy,  and  lungs  not  fungous.  His 
heart  was  great,  thick,  fibrous,  and  fat.  His  viscera  very 
sound  and  strong,  especially  the  stomach;  and  it  was 
observed  of  him  that  he  used  to  eat  often  by  night  and  day, 
though  contented  with  old  cheese,  milk,  coarse  bread,  small 
beer,  and  whey;  and  he  ate  at  midnight  a  little  before  he 
died.  His  bowels  were  also  sound,  a  little  whitish  without^ 
His  spleen  very  little,  hardly  equalling  the  bigness  of  one 
kidney.  In  short,  all  his  inward  parts  appeared  so  healthy,, 
that  if  he  had  not  changed  his  diet  and  air,  he  might 
.  perhaps  have  lived  a  good  while  longer. 

The  cause  of  his  death  was  imputed  chiefly  to  the  change 
of  food  and  air ;  for  leaving  a  clear,  free  air,  he  came  into 
the  thick  air  of  London,  and  after  a  cohstant,  plain,  and 
homely  country  diet,  was  taken  into  a  splendid  family, 
where  he  fed  high,  and  drank  plentifully  of  the  best  wines» 
whereupon  the  natural  functions  of  the  parts  of  his  body  were 
overcharged,  his  lungs  obstructed,  and  Uie  habit  of  the 
whole  body  quite  disordered,  upon  which  there  could  hot 
but  soon  ensue  a  dissolution. 

His  brain  was  found  entire  and  firm ;  and  though  he  had 
not  the  use  of  his  eyes,  nor  much  of  his  memory,  several 
years  before  he  died,  yet  he  had  his  hearing  and  apprehen- 
sion very  well,  and  was  able  even  to  the  hunched  and 
thirtieth  year  of  his  age  to  do  any  husbandman's  work,  even 
threshing  of  corn.     At  120  he  married  a  widow. 


Some  Observations  concerning  the  darting  of  Spiders,  In  a 
Letter  to  Mr.  J.  Ray.--  [1669.] 
All  spiders  that  spin  a  thread  (those  which  we  call 
shepherds  or  long-legged  spiders  never  do)  produce  these 
threads  observable  in  the  air  in  summer  in  such  infinite 
quantities  every  where,  especially  towards  September.  I  had 
exactly  marked  all  the  ways  of  weaving  used  by  any  sorts  of 
them,  and  in  those  admirable  works  I  had  always  observed 
that  they  still  let  down  the  thread  they  made  use  of,  and 
drew  it  after  them.  At  length,  in  close  attending  on  one 
diat  wrought  a  net,  I  saw  her  suddenly  in  the  mid-work  to 
desist,  and  turning  her  tail  into  the  wind,  to  dart  out  a  thread 
with  the  same  violence  that  water  spouts  out  of  a  spring ; 
this  thread,  taken  up  by  the  wind,  was  in  a  moment  emitted 
some  fathoms  long,  still  issuing  out  oi  the  belly  of  the  animal; 
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by  and  by  the  spider  leaped  into  the  air,  and  the  thread 
mounted  her  up  swiftly. 

After  this  first  discovery,  I  made  the  like  observation  in 
almost  all  the  sorts  of  spiders  I  had  before  distinguished; 
and  I  found  the  air  filled  with  young  and  old,  sailing  on  their 
threads,  and  undoubtedly  seizing  gnats  and  other  insects  in 
their  passage ;  there  being  often  as  manifest  signs  of  slaughter, 
as  legs,  wings  of  flies,  &c.  on  these  threads  as  in  their  webs 
below.  Many  of  these  threads  that  came  down  out  of  the 
air  were  not  single,  but  snarled  and  had  complicated  woolly 
locks,  now  more  now  less ;  on  these  I  did  not  always  find 
spiders,  though  many  times  I  had  found  two  or  three  upon 
one  of  them ;  whereas  when  they  first  fiew  up,  the  thread 
was  always  single,  or  but  little  tangled,  or  ttiicker  in  one 
place  than  anoSier.  I  observed  them  get  to  the  top  of  a 
stalk  or  bough,  or  some  such  thing,  where  they  exercise  this 
darting  of  threads  into  the  air,  and  if  they  had  not  a  mind  to 
sail,  they  either  swiftly  drew  it  up  again,  winding  it  up  with 
their  fore  feet  over  their  head  into  a  lock,  or  break  it  off 
short,  and  let  the  air  carry  it  away.  This  tliey  will  do  many 
times  together,  and  you  may  see  those  that  have  chains  of 
these  locks  or  snarled  thread  before  them,  and  not  yet  taken 
flight. 

Again,  I  foimd,  that  after  the  first  flight,  all  the  time  of 
their  sailing  they  made  locks,  still  darting  forth  firesh  supplies 
of  thread  to  sport  and  sail  by.  It  is  further  to  be  noted, 
that  these  complicated  threads  are  much  more  tender  tlian 
our  house-webs. 

In  winter,  about  Christmas,  I  have  observed  them  busied 
in  darting ;  but  few  of  them  sail  then,  and  therefore  but 
single  threads  only  are  to  be  seen ;  and  besides,  the  young 
ones  only  of  last  autumn's  hatch  are  then  employed,  and  it  is 
more  than  probable  that  the  great  ropes  of  autumn  are  made 
only  by  the  large  ones,  and  upon  long  passages  and  siunmer 
weather,  when  great  numbers  of  prey  may  invite  them  to 
stay  longer  up  in  the  air. 


Concerning  the  Eruptions  of  Mount  JEtn€U —  [1669.] 
The  eruption  took  place  on  the  11th  of  March,  1669, 
about  two  hours  before  night,  on  the  south-east  side  or  skirt 
of  the  mountain,  about  20  miles  beneath  the  Old  Mouth ; 
and  10  miles  from  Catania.  At  first  it  was  reported  to  ad- 
vance three  miles  in  24  hours ;  but  April  5.  it  scarce  moved 
after  the  rate  of  a  furlong  a  day;    and  at  this  degree  of 
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progress  it  contini^d  for  15  or  20  days  aflter,  passing  tinder 
the  walls  of  Catania  a  good  way  into  the  sea ;  but  about  the 
latter  end  of  this  ndonth  (April)  and  the  beginning  of  May,  it 
bent  all  its  force  against  that  city;  and  passed  in  divers 
places  over  the  walls ;  but  its  chiet  fury  fell  on  the  convent 
of  the  Benedictines,  having  large  gardens  and  other  ground 
between  them  and  the  wall :  which  when  it  had  filled  up,  it 
fell  with  all  its  force  on  the  convent* 

The  matter  which  thus  ran  was  nothing  else  but  diversi 
kinds  of  metals  and  minerals,  rendered  liquid  by  the  fierceness 
of  the  fire  in  the  bowels  of  the  earth,  boiling  up  and  gushing 
forth  like  the  water  at  the  head  of  some  great  river ;  and 
having  run  in  a  full  body  for  a  good  stone's  cast  or  more^  the 
extremities  thereof  began  to  crust  and  qurdle,  forming  when 
cold  those  hard  porous  stones  which  the*.people  call  sciarri, 
having  the  nearest  resemblance  to  huge  cakes  of  searcoal, 
full  of  fire.  These  came  rolling  and  tumbling  over  one 
another,  and  where  they  met  with  a  bank,  would  fill  up  and 
swell  over,  by  their  weight  bearing  down  any  common  build- 
ing, and  burning  whatever  was  combustible.  The  chief 
motion  of  this  matter  was  forward,  but  it  also  dilated  itself» 
as  a  flood  of  water  would  do  on  even  ground. 

About  two  or  three  o'clock  at  night  we  mounted  a  high  tower 
in  Catania,  whence  we  had  a  full  view  of  the  mouth ;  whict  was 
a  terrible  sight.  Next  morning  we  would  have  gone  up  tQ 
the  mouth  itself,  but  durst  not  come  nearer  than  a  furlong 
off,  for  fear  of  being  overwhelmed  by  a  sudden  turn  of  the 
wind,  which  carried  up  into  the  air  some  of  that  vast  pillar  of 
ashes,  which  to  our  apprehension  exceeded  twice  the  si^e  of 
St.  Paul's  steeple  in  London,  and  went  up  in  a  straight  body 
to  a  far  greater  height  than  it ;  the  whole  air  being  thereabout 
ail  covered  with  t£e  lightest  of  those  ashes  blown  olF  from 
the  top  of  this  pillar:  and  from  the  first  breaking  out  of  the 
fire  till  its  fu^y  ceased,  being  54  days,  neither  sun  nor  star, 
were  seen  in  all  that  part. 

About  the  middle  of  May  we  again  went  up  to  tjie  mo^th^^ . 
where  now  without  any  danger  of  fire  or  ashes  we  could  take 
a  free  view  both  of  the  old  and  new  channel  of  the  fire,  and 
of  that  great  mountain  of  ashes  cast  up.  That  which  we 
guessed  to  be  the  old  bed  or  channel  was  a  three-cornered 
plot,  of  about  two  acres,  with  a  crust  of  sciarri  at  the  bottom, 
and  upon  that  a  small  crust  or  surface  of  brimstone.  It  was 
edged  in  on  each  side  with  a  great  bank  or  hill  of  ashes,  and 
behind  and  at  the  upper  end  rose  up  that  huge  mountain 
of  the  same  matter.     Between  those  two  banks  the  fire  seems 
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CO  hAtre  had  its  passage.  At  the  upper  »d  in  thenook  upon 
a  little  hillock  of  crusted  sciarri  was  a  hole  about  10  feet 
wide,  whence  probably  the  ire  issued ;  and  it  might  haTe  had 
several  othef  such  holes,  since  either  crusted  over  or  covered 
with  asb^s.  At  the  bottom  yf  this  hole  the  fire  was  seen  to 
flow  along,  and  below  it  was  a  channel  of  fire,  beneath  that 
sor&ce  of  sciarri,  which  being  clefl  a-top  for  some  space,  we 
had  an  easy  and  deliberate  view  of  the  metal  flowing  dong, 
whose  superficies  might  be  a  yard  broad,  though  possibly 
it  carried  a  greater  breadth  underneath,  the  gutter  sloping. 
What  depth  it  had  we  could  not  guess :  it  was  impenetrable 
by  iroiU  hooks  and  other  instruments. 


Some  Inquiries  concerning  the  Salt  Springs  and  the  Way  ^ 
iSiiJ^mdbtn^a^iVan^scTtcAin  Cheshire^ ansmeredhg  WxLLtJkU 
jACKaoiXy  M.  2).  —  [1669.] 

1.  What  is  the  depth  of  the  salt  springs?  —  The  depths 
are  various,  in  scone  places  not  above  three  or  four  yards ;  at 
Nantwich,  the  pit  is  full  seven  yards  from  the  fi>oting  about 
the  pit;  which  is  guessed  to  be  the  natural  height  of  the 
ground,  though  the  bank  be  six  feet  higher,  accidentally 
raised  by  accumulated  rubbish  or  widling  as  they  call  it«  la 
other  places  the  springs  lie  much  shallower ;  for  in  two  places 
within  our  township  the  springs  break  up  so  in  the  meadows, 
fts  to  fret  away  not  only  the  grass,  but  part  of  the  earth 
which  lies  like  a  breach  at  least  half  a  foot  or  more  lower 
than  the  turf  of  the  meadow,  and  has  a  salt  liquor  oosing  as 
it  were  out  of  the  mud,  but  very  gently. 

2.  What  kind  of  country  it  is  where  the  springs  are,  idiether 
hniy,  &c.  ?  —  Generally  a  low  ground,  yet  very  full  of  emin* 
ences,  and  various  risings,  to  distinguish  it  from  being  all 
meadow.  We  have  also  a  peculiar  sort  of  ground  in  this 
county  fflid  some  adjacent  parts,  which  we  call  mosses,  they 
are  a  kind  of  moorish  boggy  ground,  very  stringy  and  fat: 
which  serves  us  very  well  for  tur&,  cut  out  like  great  bricks 
and  dried  in  the  sun. 

3.  How  strong  the  water  is  of  salt? —  Springs  are  rich  or 
poor  in  a  double  sense;  for  a  spring  may  be  rich  in  salt,  but 
poor  in  die  quantity  of  brine  it  affords.  Thus  they  have  a 
lich  brine  in  their  chief  pit  at  Middlewich,  which  jrields  a 
fill!  fourth  part  of  salt ;  yet  this  is  so  thrifty  of  its  brine,  that 
the  inhabitants  are  limited  to  their  proportions  out  of  it,  and 
their  quantity  is  supplied  out  of  pits  that  afford  a  weaker 
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brine.     Our  pit  at  Nantwich  yields  but  a  sixth  part;  but  then 
it  is  plentiful. 

4.  What  is  the  manner  of  their  work? — Their  manner  of 
working  is  this :  They  have  formerly  boiled  their  brine  in  six 
leaden  pans  with  wood-fire ;  upoa  which  account  they  all 
claim  their  interest  in  the  pit  by  the  name  of  so  many  six 
leads  walling;  by  which  they  each  know  their  proportion; 
but  in  the  memory  of  many  they  changed  their  six  leads  into 
four  iron  pans,  something  better  th^  a  yard  square,  and 
about  six  inches  deep,  still  fitting  the  content  of  these  to  that 
of  the  six  leads :  and  of  late  many  have  changed  the  foiur 
iron  pans  into  two  greater ;  and  some  wall  but  in  one :  but 
still  the  rulers  gauge  it  to  their  old  proportions. 


An  Account  of  a  Hah  seen  at  Paris:  also  on  the  Cause  of 
-  these  MeteoTSy  arid    of  Parkelias    or    Mock    Suns.    By 

M.  HuYGENS.  —  C 1670.] 

This  halo,  or  circle  about  the  sun,  was  observed  at  Paris, 
March  12.  1667,  about  nine  o'clock  in  the  morning.  The 
diameter  was  44  degrees,  and  the  breadth  of  its  limb  about 
half  a  degree.  The  upper  and  lower  part  were  of  a  vivid  red 
and  yellow,  with  a  little  purple  colour,  but  especially  the 
upper;  the  red  was  within  the  circle.  The  other  parts 
appeared  but  whitish  and  of  little  clearness.  The  space 
within  the  halo  was  a  little  darker  than  that  about  it,  especially 
towards  the  parts  that  were  coloured.  Besides  there  was 
seen  the  portion  of  another  great  circle,  which  touched  the 
halo  above,  and  whose  extremities  were  bent  downward. 
This  portion  of  a  circle  had  also  its  colours  like  those  of  the 
halo,  but  fainter.  The  height  of  the  sun,  at  the  beginning 
of  the  observation,  was  about  46  degrees.  There  were  in  the 
air  little  clouds,  which  somewhat  tarnished  the  blue  colour  of 
the  sky,  and  lessened  the  brightness  of  the  sun,  which  seemed 
as  in  an  eclipse.  The  weather  was  cold,  considering  the 
season  of  the  year,  and  it  was  affirmed  for  certain,  that  it  had 
frozen  the  night  before.  This  halo  appeared  in  the  same 
beauty  and  splendour  of  colours  unchanged,  from  nine  in  the 
morning  till  about  half  an  hour  past  ten ;  afler  which  time  it 
became  fainter  and  fainter,  till  two  o'clock  in  the  aflernoon, 
when  it  ended,  afler  it  had  resumed  a  little  more  fierce  some 
time  before  it  disappeared. 

Halos  are  formed  by  small  round  \  grains,  made  up  of  two 
parts,  one  transparent,  the  other  opaque,  the  latter  being  in- 
closed in  the  former,  as  a  cherry-stone  is  in  a  cherry ;  many  have 
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seen  hail  formed  after  this  maimer,  and  some  of  these  little 
grains,  which  swim  up  and  down  in  the  air  between  us  and  the 
sun,  being  less  distant  from  the  axis,  which  extends  itself  from 
the  sun  to  our  eye,  than  of  a  certain  angle,  do  necessarily 
hinder  the  rays,  which  fall  on  them,  from  coming  to  our  eyes ; 
since  the  opaque  kernel  is  the  cause  that  there  is  behind  every 
such  grain  a  space  of  a  conical  figure,  in  which  the  eye  of 
the  spectator  being  situated,  cannot  see  the  sun  through  that 
grain,  though  it  may  see  it  when  posited  elsewhere. 

The^e  arches  usually  touch  a  parhelion,  because  the  same 
horizontal  cylinders,  which  produce  the  arch,  produce  also  that 
parhelion  by  means  of  their  two  round  and  transparent  ends. 

To  make  all  these  different  effects  of  the  cylinders  manifest 
to  the  eye,  M.  Huygens  produced  one  of  glass,  a  foot  long ; 
^d  for  the  opaque  kernel  in  the  middle,  a  cylinder  of  wood, 
and  the  ambient  space  filled  with  water,  instead  of  transparent 
ice :  which  cylinder  being  exposed  to  the  sun,  and  the  eye 
put  in  proper  places,  there  were  successively  seen  all  those 
reflections  and  refractions  above  mentioned.  Whence  it  might 
be  concluded,  that  a  great  number  of  the  like  cylinders, 
although  very  small  in  comparison  to  that,  being  found  in  the 
air,  and  having  the  several  postures  that  have  been  supposed, 
all  the  appearances  of  the  parhelia  and  their  circles  must 
exactly  follow. 

JBscperiments  about  Hespiraiion,  by  ike  Honaurabk  Robsbt 
J5orz^.  — [1670.] 

Nature  having,  as  zoologists  teach  us,  furnished  ducks 
and  other  water-fowl  with  a  peculiar  structure  of  some 
vessels  about  the  heart,  to  enable  them,  when  they  have 
occasion  to  dive,  to  forbear  for  a  while  respiring  under  water 
without  prejudice,  I  thought  it  worth  the  trial,  whether  such 
birds  would  much  better  than  other  animals  endure  ihe 
absence  of  the  air  in  our  exhausted  receiver. 

We  put  a  full  grovm  duck  into  a  receiver,  of  which  she 
filled  a  third  part  or  somewhat  more,  but  was  not  able  to 
stand  in 'an  easy  posture  in  it;  then  pumping  out  the  air, 
though  she  seemed  at  first  to  continue  well  somewhat 
longer  than  a  Hen  in  her  condition  would  have  done ;  yet 
within  the  space  of  one  minute  she  appeared  much  discom- 
posed, and  between  that  and  the  second  minute,  her  strug- 
gling and  convulsive  motions  increased  so  much,  that  her 
heaa  also  hanging  carelessly  down,  she  seemed  to  be  just  at 
the  point  of  death  ;  from  which  we  presently  rescued  her  by 
letting  in  the  air  upon  her. 
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Having  procured  a  duckling,  that  was  yet  oailow,  we  con- 
veyed her  into  the  same  receiver  wherein  the  former  had 
been  included,  and  observed,  that,  though  for  a  while  she 
appeared  not  much  disquieted,  whilst  the  air  was  pumping 
out  of  the  glass,* yet  before  the  first  minute  was  quite  endec^ 
she  gave  manifest  tokens  of  being  much  disordered ;  and  the 
operation  being  continued  a  while  longer,  she  grew  so  much 
worse,  that  several  convulsive  motions  which  she  fell  info 
before  a  second  minute  was  expired,  obliged  us  to  let  in  the 
air  upon  her,  whereby  she  quickly  recovered. 

Considering  that  vipers  are  animals  endowed  with  lungs, 
(though  of  a  different  structure  from  those  of  men,  dogs, 
cats,  birds,  &c)  and  that  their  blood  is  actually  cold,  I  thougnt 
it  might,  upon  both  those  accoimts,  be  very  well  worth 
trying  what  effect  the  withdrawing  and  absence  of  the  air 
would  have  upon  animals  so  Constituted.  '  ^-^r 

We  included  a  viper  in  a  small  receiver,  and  as  we  drew 
out  the  air,  she  began  to  swell,  and  afibrded  u^  lliese  pheno- 
mena : —  1.  It  was  a  good  while  after  we  had  left  pumping, 
ere  the  viper  began  to  swell  so  much  as  to  be  forced  to  gape, 
which  afterwards  she  did.  —  2.  That  she  continued,  by  our 
estimate,  above  2J  hours  in  the  exhausted  receiver  without 
giving  clear,  proof  of  her  being  killed.  —  3.  That  after  she  was 
once  so  swelled,  as  to  be  compelled  to  open  her  jaws,  the 
appeared  slender  and  lank  again,  and  yet  very  soon  after  ap- 
peared  swelled  again,  and  had  her  jaws  disjoined  as  before. 

We  took  a  viper,  and  including  her  in  tlie  largest  sort  of 
small  receivers,  we  emptied  the  glass  very  carefully,  and  the 
viper  moved  up  and  down  within,  as  if  to  seek  for  air,  and 
after  a  while  foamed  a  little  at  the  mouth,  and  left  some  of 
the  fpam  sticking  to  the  inside  of  the  glass :  her  body  swelled 
not  considerably,  and  her  neck  less,  till  a  considerable  time 
after  we  had  left  pumping;  but  afterwards  the  body  and 
neck  grew  prodigiously  tumid,  and  a  blister  appeared  upon  ^ 
the  back.  An  hour  and  a  half  aft;er  the  exhaustion  of  the 
receiver?  the  distended  viper  gave  manifest  signs  of  life ;  but 
we  observed  none  afterwards. 

To  these  experiments  upon  vipers,  I  shall  add  one  made 
upon  an  ordinary  harmless  snake.  W€  included  such  an 
animal,  together  with  a  gauge,  in  a  pretty  portable  receiver, 
which  being  exhausted  and  well  secured  against  the  ingress 
of  the  air,  was  laid  aside  in  a  quiet  place,  where  it  continued 
from  10  or  11  o'clock  in  the  forenoon  till  about  nine  the 
next  morning ;  and  then  my  occasions  calling  me  abroad,  I 
looked  upon  the  snake ;  which  though  he  seemed  to  be  dead, 
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and  gave  no  signs  of  life  upon  the  shaking  of  the  receiTer, 
jet  upon  holding  the  glass  a  convenient  distance  from  a 
moderate  fire,  he  did  in  a  short  time  manifest  himself  to  be 
alive  by  several  tokens,  and  even  by  putting  forth  his  forked 
tongue.  In  that  condition  I  left  him,  and  by  reason  of 
several  avocations,  came  not  to  look  upon  him  again  till 
early  in  the  afternoon  of  the  next  day,  at  which  time  he  was 
grown  past  recovery,  and  his  jaws,  which  were  formerly  shut, 
gaped  exceedingly  wide,  as  if  they  had  been  stretched  open 
by  some  external  violence. 

The  same  considerations  that  induced  me  to  make  trials 
upon  vipers,  invited  me  also  to  make  several  upon  frogs. 

We  took  a  large  lusty  frog,  and  having  included  her  in  a 
small  receiver,  we  drew  out  the  air,  and  left  her  not  very 
much  swelled,  and  able  to  move  her  throat  from  time  to  time, 
though  not  so  fast  as  when  she  freely  breathed  before  the 
exsuction  of  the  air.  She  continued  alive  about  two  homrs, 
that  we  took  notice  of,  sometimes  removing  from  the  one 
side  of  the  receiver  to  the  other ;  but  she  swelled  more  than 
before,  and  did  not  appear  by  any  motion  of  her  throat  or 
thorax  to  exercise  respiration,  but  her  head  was  not  very 
much  swelled,  nor  her  mouth  forced  open.  After  she  had 
remained  there  somewhat  above  three  hours,  perceiving  no 
sign  of  life  in  her,  we  let  in  the  air  upon  her,  at  which  the 
tumid  body  shrunk  very  much,  but  seemed  not  to  have  any 
other  change  wrought  in  it ;  and  though  we  took  her  out  of 
the  receiver,  yet  in  the  free  air  itself  she  continued  to  ap- 
pearanc^e  dead.  Nevertlieless  to  see  the  utmost  of  the  ex- 
periment, liaving  caused  her  to  be  laid  ij^on  the  grass  in  a 
garden  all  night,  the  next  morning  we  found  her  perfectly 
^ve  again. 

We  took  a  small  frog,  and  having  conveyed  her  into  a  very 
small  portable  receiver,  began  to  pump  out  the  air.  At  first 
she  was  lively  enough,  but  when  the  air  was  considerably 
withdrawn,  she  appeared  to  be  very  much  disquieted,  leaping 
sometimes  after  an  odd  manner,  as  it  were  to  get  out  of  the 
uneasy  prison,  but  yet  not  so,  but  that  a^r  the  operation 
was  ended,  and  the  receiver  taken  off,  the  frog  was  perfectly 
alive,  and  continued  to  appear  so  near  an  hour,  though  th6 
abdomen  was  very  much,  and  the  throat  somewhat,  extended-; 
this  latter  part  having  also  left  that  wonted  panting  motion, 
tliat  is  supposed  to  argue  and  accompany  the  respiration  of 
frogs.  At  the  end  of  about  Sf  hours,  shet  the  removal  of 
the  receiver  from  the  pump,  the  air  was  let  in  ;  whereupon 
the  abdomen,  which  by  that  time  was  strangely  swelled,  did 
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not  only  subside,  but  seemed  to  have  a  great  cavity  in  it,  as 
the  throat  also  proportionably  had ;  which  cavities  continued, 
the  frog  being  gone  past  all  recovery. 
•  It  might  assist  us  in  making  the  more  rational  conjectures 
-about  the  phenomena  of  divers  of  our  experiments,  if  we 
knew  what  quantity  of  aerial  substance  is  usually  found  in 
the  liquors  we  employ  about  them,  especially  in  that  most 
common  of  them,  water.  And,  therefore,  though  it  be  very 
difficult  (if  at  all  possible)  to  determine  the  proportion  of  the 
air  that  lurks  in  water  with  any  kind  of  certainty,  many 
circumstances  making  it  subject  to  vary  very  much,  yet  to 
make  the  best  estimate  I  easily  could,  where  none  at  ml  that 
I  know  of  has  been  hitherto  made  by  any  man,  I  considered 
that  it  might  afford  us  some  light,  if  we  discovered  at  least 
what  proportion  as  to  bulk  the  air  latent  in  a  quantity  of 
water  would  have  to  the  liquor  it  came  from,  when  the  aerial 
particles  should  be  gathered  together  into  one  place. 

On  pumping  out  die  air,  numerous  bubbles  disclosed  them- 
selves, ascending  nimbly  to  the  upper  part  of  the  glass,  where 
they  made  a  kmd  of  froth  or  foam.  This  done,  the  pump 
was  suffered  to  rest  a  while,  to  give  the  aerial  particles  lodged 
in  the  water  time  to  separate  themselves  and  emerge,  which 
when  they  had  done  the  pump  was  plied  again,  for  fear  some 
air  should  have  stolen  into  so  large  a  receiver.  These  vicis- 
situdes of  pumping  and  resting  lasted  for  a  considerable  time, 
till  at  length  the  bubbles  began  to  be  very  rare,  and  we 
weary  of  waiting  any  longer ;  soon  afler  which  the  external 
air  was  let  into  the  receiver,  and  it  appeared  somewhat 
strange  to  the  spectators,  that  notwithstanding  so  great  a 
multitude  of  bubbles  as  had  escaped  out  of  the  water,  1  could 
not,  by  attentively  comparing  the  place  where  the  sur&ce  of 
the  water  rested  at  first  with  that  where  it  now  stood,  discern 
the  difference  to  amount  to  above  a  hair's  breadth,  if  so 
much,  and  the  chief  operator  in  the  experiment  professed 
that,  for  his  part,  he  could  not  perceive  any  difference  at  all.^ 

Having  had  fi-equent  occasions  to  observe  how  quickly 
those  animals,  whose  blood  is  actually  warm,  did  expire  in 
our  vacuum,  and  that  even  those  animals  with  Imigs,  whose 
blood  was  actually  cold,  were  not  able  to  live  any  consider^ 
able  time  there,  I  thought  it  worth  while,  though  extremely 
difficult  to  try,. whether  there  might  not  be  some  ways  yet 
unpractised,  either  to  make  such  animals  as  nature  endows 
with  lungs  live  without  respiration,  or  at  least  to  bring  such 
insects,  and  other  animals,  as  can  already  live  without  air,  to 
move  also  without  it  in  our  vacuum. 
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We  took  a  number  of  tadpoles,  and  put  them  with  a  con- 
venient quantity  of  water  into  a  portable  receiver  of  a  round 
form,  and  observed,  that  at  the  first  exsuction  of  the  air  they 
rose  to  the  top  of  the  water,  though  most  of  them  subsided 
again,  till  the  next  exsuction  raised  them.  The  receiver 
being  exhausted^  they  continued  restless,  moving  all  of  them 
in  the  top  of  the  water,  and  though  some  of  them  seemed  to 
endeavour  to  go  to  the  bottom,  and  dived  some  part  of  the 
way,  especially  with  their  heads,  yet  they  were  immediately 
buoyed  up  again.  Within  an  hour  or  a  little  more  they  were 
aO  motionless,  and  lay  floating  on  the  water ;  wherefore  I 

red  the   receiver,  upon  which  the  air  rushed  in,  and 
Bt  all  of  them  presently  sunk  to  the  bottom,  but  none  of 
them  recovered. 

We  took  five  or  six  caterpillars  of  the  same  sort ;  but  1 
could  not  tell  to  what  ultimate  species  the  writers  about 
insects  referred  them.  These  being  put  into  a  separate 
receiver  of  a  moderate  size,  had  the  air  drawn  away  from 
them,  and  carefully  kept  from  returning.  But  notwithstand- 
ing this  deprivation  of  air,  I  found  them,  about  an  hour  after, 
moving  to  and  fro  in  the  receiver ;  and  even  above  two  hours 
after  that,  I  could,  by  shaking  the  vessel,  excite  in  them 
some  motions,  that  I  did  not  suspect  to  be  convulsive.  But 
looking  upon  them  again  some  time  before  I  was  to  go  to 
bed,  about  10  hours  after  they  were  first  included,  they 
seemed  to  be  quite  dead,  and  though  the  air  was  forthwith 
restored  to  them,  they  continued  to  appear  so,  till  I  went  to 
bed ;  yet  I  thought  fit  to  try,  whether  time  might  not  at 
length  recover  them,  and  leaving  them  all  night  in  the 
I'eceiver,  I  found  the  next  day,  that  three  if  not  four  of  them 
»ere  perfectly  recovered. 

We  closed  up  divers  ordinary  flies,  and  a  bee  or  wasp ;  all 
which,  when  the  air  was  fully  withdrawn,  lay  as  dead,  save 
that  for  a  very  few  minutes  some  of  them  had  convulsive 
motions  in  their  legs.  They  continued  in  this  state  48  hours, 
after  which  the  air  was  let  in  upon  them,  and  that  not  pro- 
ducing any  signs  of  life  in  them,  tliey  were  laid  in  the 
meridian  sun,  but  not  any  of  them  seemed  in  any  degree  to 
recover. 

We  conveyed  then  a  number  of  mites,  together  with  the 
mouldy  cheese  they  were  bred  in  to  nourish  them,  into  three 
or  four  portable  receivers  (which  were  all  of  them  very  small) 
not  much  di^ering  in  size.  As  soon  as  ever  one  of  the. 
receivers  was  removed  from  the  engine,  I  looked  with  great 
attention  upon  it ;  and  though  just  before  the  withdrawing 
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of  the  air  the  mites  were  seen  to  move  up  and  down  in  it, 
yet  within  a  few  minutes  after  the  receiver- was  applied  to 
the  engine,  I  could  discern  in  them  no  life  at  all,  nor  was 
any  perceived  by  some  younger  eyes  than  mine,  whereunto 
I  exposed  them.  Nay,  by  the  help  of  a  double  convex  glass 
(that  was  so  set  in  a  frame  as  to  serve  me  as  a  microscope  on 
such  occasions)  I  was  not  able  to  see  any  of  them  stir  up  and 
down. 


The  Manner  of  Spiders  projecting  their  Threads.  Communis 
cated  by  Mr.  John  Ray.  —  [1 670.] 

I  HAVE  seen  spiders  shoot  their  webs  tiiree  yards  long 
before  they  begin  to  sail ;  and  then  they  will,  as  it  were,  fly 
away  incredibly  swift :  which  phenomenon  somewhat  puzzles 
me,  as  the  air  seldom  moves  a  quarter  so  fast  as  they  seena 
to  fly.  In  general  they  project  their  threads  single,  without 
dividing  or  forking  at  all  to  be  seen  in  them:  sometimes 
they  shoot  the  thread  upward,  and  will  mount  up  with  it  in 
a  line  almost  perpendicular ;  and  at  other  times,  they  project 
it  parallel  to  the  horizon  *,  as  you  may  often  see  by  their 
threads  that  run  from  one  tsree  to  another,  and  likewise  in 
chambers  from  one  wall  to  another.  I  confess  this  observ- 
ation at  first  made  me  think  that  they  could  fly,  because  I 
could  not  conceive  how  a  thread  could  be  drawn  so  parallel 
to  the  horizon  between  two  walls  or  trees,  as  above  men- 
tioned, unless  the  spider  flew  through  the  air  in  a  straight  line. 

They  often  ^ten  their  threads  in  several  places  to  the 
things  they  creep  over :  the  manner  is,  by  beating  their  tails 
against  them  as  they  creep  along.  By  this  frequent  beating 
in  of  their  thread  among  the  asperities  of  the  place  where 
they  creep,  they  either  secure  it  against  the  wind,  that  it  be 
not  easily  blown  away,  or  else,  while  they  hang  by  it,  if  one 
stick  breaks  another  holds  fast ;  so  that  they  do  not  &11  to 
the  ground. 


An  Accomnt  by  Dr.  Erasmus  Bartholin,  on  a  Crystal-like 
JBody,  sent  to  him  from  Iceland.  —  [1671.] 
The  inhabitants  of  Iceland  and  our  own  merchants  inform 
us,  that  this  kind  of  crystal  is  found  in  divers  places  of  that 
country ;  but  chiefly  dug  out  of  a  very  high  mountain,  not 
far  from  the  bay  of  Roerfiord,  which  lies  in  65  degrees  latitude. 
That  the  mountain  has  its  whole  outside  made  up  of  this 
substance,  without  a  necessity  of  digging  deep  for  it.    Tha^ 

Digitized  by  VjOOQ  IC 


CRY8TAL-LIKS   BODY.  ^ 

it  is  cut  out  by  iron  tools,  in  the  size  of  a  cubic  foiit,  or 
more ;  and  that  out  of  its  comers  there  is  sometimes  found 
grown  a  harder  matter  capable  of  cutting  glass,  of  a  figure 
different  from  that  of  tlie  whole  mass,  and  approaching  to 
that  of  diamonds. 

The  whole  body  is  rather  clear  than  bright,  of  the  colour 
of  limpid  water ;  but  that  colour,  when  it  has  been  immersed 
in  water  and  dried  again,  becomes  dulL  Hence  it  is,  tliat  in 
its  native  place  the  upper  surface  is  darkish ;  because  of  the 
rains  and  snows  falkn  upon  it.  Sometimes  there  appear 
also  some  reflections  of  colours,  as  in  the  rainbow.  The 
angles  are  not  pointed  alike,  all  the  flat  sides  being  obliquely 
inclined  to  one  another.    The  opposite  plains  are  parallel. 

In  this  crystalline  prism,  two  of  the  plain  angles  are  always 
acute,  and  the  two  other  obtuse ;  and  never  any  of  them  is 
equal  to  the  collateral  angles  of  the  inclinations. 

The  objects  seen  through  it  appear  sometimes,  and  in 
certain  positions  of  the  prism,  double:  where  it  is  to  be 
noted,  that  the  distance  between  the  two  images  is  greater 
or  less,  acccu'ding  to  the  different  size  of  the  prism,  bo  that 
in  thinner  pieces  this  diffidence  of  the  double  image  ^(noet 
vanislies. 

The  object  appearing  double,  both  images  appear  with  $, 
fainter  colour,  and  sometimes  one  part  of  the  $ame  species  i« 
Qbacjurer  than  the  other. 

Te  an  attentive  eye,  one  of  these  images  will  appear 
hi^er  than  the  other. 

In  a  certain  position  the  image  of  an  objec^y  seen  through 
this  body,  appears  but  single,  as  through  any  other  trans* 
parent  body. 

We  have  alao  found  a  position  wherein  the  object  appear* 
six£[^ 

If  a|iy  of  xk^  obtuse  angles  of  this  prism  be  divided  into 
two  equal  parts  by  a  line,  and  the  visual  rays  pass  from  the 
eye  to  the  object  through  that  line,  or  its  parallel,  both  images 
will  meet  in  that  line,  or  in  another  parallel  to  iu 

Whereas  objects,  seen  through  diaphanous  bodies,  are . 
wont  to  remain  constantly  in  the  same  place,  in  what  manner 
soever  the  transparent  body  be  moved,  nor  the  image  on  the 
surface  move  except  the  object  be  moved ;  we  have  observed 
here,  that  one  of  the  images  is  movable,  the  other  remaining 
fixed ;  although  there  be  a  way  also  to  make  the  fixed  image 
movable,  and  the  movable  fixed  in  the  same  crystal ;  and 
another,  to  make  both  movable. 

The  movable  image  does  nqt  move  at  random,  but  always 
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about  the  fixed,  which  while  it  turns  about,  it  never  describes 
a  perfect  circle,  but  in  one  case. 


Of  the  Abundance  of  Wood  found  under  Ground  in  Lincoln* 
shire.  —  [1671.] 

That  fenny  tract,  called  the  Isle  of  Axholme,  lying  part 
in  Lbcolnshire  and  part  in  Ycnrkshire,  and  extending  a  con- 
siderable way,  has  anciently  been  a  woody  country,  as  appears 
by  the  abundance  of  oak,  fir,  and  other  trees,  frequently 
found  in  the  moor,  whereof  some  oaks  are  five  yards  in  com- 
pass and  sixteen  yards  long ;  others  smaller  and  longer,  with 
good  quantities  of  acorns  near  them,  lying  somewlmt  above 
three  feet  in  depth,  and  near  their  roots,  which  do  still  stand 
as  they  grew,  viz.  in  firm  earth  below  the  moor.  The  firs 
lie  a  foot  or  18  inches  deeper,  more  in  number  than  the  oak, 
and  many  of  them  30  yards  long ;  one  of  them  being,  not 
many  years  since,  taken  up  of  36  yards  long  besides  the  top, 
lying  also  near  the  root,  which  stood  likewise  as  it  grew, 
having  been  burnt  and  not  cut  down  as  the  oak  had  been 
also.  The  number  of  these  trees  is  reported  by  Mr.  Dugdale, 
in  his  book  on  draining  the  Fens  in  England,  to  be  so  great, 
that  the  inhabitants  have,  for  divers  years  last  past,  taken  up 
many  cart  loads  in  a  year. 

Of  the  original  overflowing  of  this  woody  level  no  account 
is  given.  Even  Mr.  Dugdale  only  says,  that  the  depth  of 
the  moor  evinces  that  it  has  been  so  for  divers  hundreds  of 
years,  since  tliat  could  not  grow  to  the  thickness  it  is  of  in  a 
few  ages.  The  cause  thereof  he  concludes  to  have  been  the 
muddiness  of  the  constant  tides,  which,  flowing  up  the 
Humber  into  the  Trent,  left  in  time  so  much  filth,  as  to 
obstruct  the  currents  of  the  Idle,  Done,  and  other  rivers, 
which  thence  flowed  back,  and  overwhelmed  that  flat  country. 


Cfthe  Stone  Quarry  near  Maestricht.  —  [1671-] 
There  is  an  excellent  quarry,  within  cannon-shot  of 
Maestricht,  on  the  very  brmk  of  the  river  Maese,  lying  in  a 
hill,  where  there  are  about  25  fathoms  of  rock  and  earth 
over  head ;  the  length  of  the  hill  being  of  some  miles,  ex- 
tending along  the  river  towards  Liege ;  and  near  Maestricht 
having  in  breadth  some  half  or  three  quarters  of  a  mile,  but 
more  farther  off.  This  quarry  has  one  entry  towards  the 
river,  where  carts  can  pass  with  great  ease,  and  unload  the 
stones  on  the  brink  of  the  river,  the  quarry  within  lying 

Digitized  by  VjOOQ  IC 


STOHB  QUARRY  AT   MAB8TRICHT.  31 

parallel  to  the  horizon  or  level,  and  elevated  but  very  little 
above  the  river. 

This  quarry,  which  has  almost  undermined  the  whole  hDl, 
affords  one  of  the  most  surprising  prospects,  when  lighted 
with  many  torches,  that  one  can  imagine.  For  there  are 
thousands  of  square  pillars  in  large  level  walks,  and  those 
almost  every  where  above  20,  and  in  some  places  many  more 
feet  high,  and  all  wrought  witli  so  much  neatness  and  regu- 
larity, that  one  would  think  it  had  been  made  rather  with 
curious  workmanship  for  an  under-ground  palace,  than  that 
those  pillars  and  galleries  were  made  by  quarriers,  that  did 
it  only  for  getting  stone  to  build  above  ground. 

This  quarry  serves  the  people,  that  live  thereabout,  for  a 
kind  of  impregnable  retreat,  when  armies  march  that  way. 
For  being  acquainted  with  all  the  ways  in  it,  they  carry  into 
it  whatsoever  they  would  have  safe,  as  well  their  horses  and 
cattle,  as  their  movable  furniture,  till  the  danger  be  over ; 
there  being  so  much  room,  that  40,000  people  may  shelter 
themselves  in  it. 

Maikematical  Principles  of  Lights  Colours^  the  Rainbow^  S^c 
By  F.  M.  Gbimaldi  of  Bologna.—  [1672.] 
Father  Grimaldi  first  noticed  the  spots  in  the  sun,  and 
gave  to  those  in  the  moon  names  that  are  still  in  use,  de- 
nominating them  after  the  most  eminent  astronomers  and 
philosophers.  He  made  numerous  experiments  in  optics, 
and  some  discoveries,  which  were  aflerwards  confirmed  and 
extended  by  Newton.  Grimaldi  discovered  the  circumstance 
of  the  lengthening  of  the  solar  image,  by  a  ray  of  light  let  in 
dirough  a  small  hole,  and  refracted  tlurough  a  glass  prism. 
He  taught  also  that  the  rays  are  of  different  colours,  and  that 
opaque  objects  have  no  colour  but  what  Uiey  receive  from 
the  rays  of  light.  He  discovered  that  property  of  the  rays 
by  which,  when  they  pass  near  the  edge  of  certain  objects, 
though  >7ithout  touchbg,  they  are  inflected  or  bent  from 
their  direct  course,  an  effect  which  he  termed  the  diffraction 
of  light,  and  which  Newton  aflerwards  called  inflection. 
.  Further,  he  discourses  of  colours,  and  considers  how  light 
is  changed  into  colour,  sometimes  by  reflection  alone,  some- 
times by  refraction  alone,  sometimes  without  either  and 
without  the  change  of  the  medium,  viz.  by  dif&action.  He 
explains,  also,  how  light,  by  the  sole  intrinsic  modification 
of  itself,  passes  sometimes  into  a  colour  that  is  commonly 
called  apparent;  where  he  explains^  that  the  reason  why 
light  passes  into  an  apparent  colour,  is  not  some  determinate 
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angle  at  which  the  rays  amoBgst  themselves  are  incUaed, 
but  that  tliat  colour  is  produced  by  the  intention  and  d^dsity 
of  light. 

He  teaclies,  also,  that  to  the  vision  of  things  permanently 
coloured,  there  are  not  required  any  int^a^tional  species 
transmitted  from  them,  and  contradistinct  from  light;  but 
that  the  light  which  is  diffused  or  at  least  reflected  from 
things  coloured  is  sufficient ;  yet  with  such  a  modification  as 
is  to  be  found  in  light  apparently  orfoured,  on  whidi  occasion 
many  particulars  are  delivered  concerning  reflex  vision,  with 
an  explication  of  that  quaere,  how  the  place  of  the  thing  seen 
is  perceived,  &c. 

To  all  which  is  added,  that  the  modification  of  light,  by 
which  it  is  both  permanently,  and  (so  to  speak)  apparently 
coloured,  or  made  sensible  under  the  representation  of  colour, 
may  not  improbably  be  said  to  be  a  determinate  and  most 
finely  furrowed  undulation  of  the  same,  and  a  kind  of  tre- 
mulous difiusion,  with  a  certain  very  subtle  floating,  whereby 
it  does,  in  a  peculiar  way  of  application,  affect  the  organ  of 
vision;  which  is  illustrated  and  confirmed  by  what  is  by 
philosophers  taught  of  sound  and  hearing.  Upon  which  it  i^ 
mferred,  that  colours  are  not  any  tiling  permanent  in  visible 
things,  not  of  themselves  lucid,  when  they  are  not  illuminated ; 
but  that  they  are  the  light  itself,  under  some  peculiar  modi- 
fication made  sensible  by  the  sight. 

In  a  lar^e  discourse  of  the  rainbow,  its  colours  and  their 
order,  its  circular  figure,  the  concentric  form  of  rainbows,  &c. 
he  concludes,  that  a  rainbow,  both  primary  and  secondary,  is 
flen^ated  from  the  solar  rays,  reflected  and  refracted  by  the 
drops  of  a  falling  cbud,  so  that  the  prunary  is  represented 
by  the  rays  that  are  once  reflected  within  those  (bops;  but 
the  secondary,  by  the  rays  twice  reflected,  and  which  aA«r  a 
double  refraction  in  both  cases  pass  to  the  eye,  placed  in  the 
axis  of  the  rainbow. 

A  Letter  of  Mr.  Isaac  Newton  to  the  Secretary^  contaimMg 
his  New  Thetmf  ofLigJUand  Cofowr*.—  [1672.] 

Sir,  -^  To  perform  my  late  promise  to  you,  I  shall  without 
further  ceremony  acquaint  you,  that  in  the  beginning  of  the 
year  1666  I  procured  a  triangular  glass  prism,  to  try  there* 
with  the  celebrated  phenomena  of  colours.  For  that  purpose 
having  darkened  my  chamber,  and  made  a  small  hole  in  my 
window  shuts,  to  let  in  a  convenient  quantity  of  the  sun's 
light,  I  placed  my  prism  at  his  entrance,  that  it  might  be 
thereby  refiracted  to  the  oi^iosite  walk 
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Comparing  the  length  of  this  coloured  ipectrum  with  its 
breadth,  I  found  it  about  five  times  greater ;  a  disproportion 
so  extravagant,  that  it  excited  me  to  a  more  tlian  ordinary 
curiosity  of  examining  from  whence  it  might  proceed.  I 
could  scarce  think,  that  the  various  thickness  of  the  glass,  or 
the  termination  with  shadow  or  darkness,  could  have  anv 
influence  on  light  to  produce  such  an  effect ;  yet  I  thought  it 
not  amiss,  first  to  examine  tliose  circumstances,  and  so  tried 
what  would  happen  by  transmitting  light  thrQ\igh  parts  of 
the  glass  of  divers  thicknesses,  or  through  holes  in  the 
window  of  divers  sizes,  or  /by  setting  the  prism  without,  so 
that  the  light  might  pass  through  it,  and  be  refracted  before 
it  was  terminated  by  the  hole ;  but  I  found  none  of  those 
circumstances  material.  The  fashion  of  the  colours  was  in 
all  these  cases  the  same. 

I  then  proceeded  to  examine  more  critically,  what  mi^ht 
be  effected  by  the  difference  of  the  incidence  of  rays  coming 
from  divers  parts  of  the  sun ;  and  to  that  end  measured  the 
several  lines  and  angles  belonging  to  the  image.  Its  distance 
from  the  hole  or  prism  was  22  feet ;  its  utmost  length  13^ 
inches ;  its  breadth  2f ;  the  diameter  of  the  hole  ^  of  an  inch ; 
the  angle,  which  the  rays,  tending  towards  the  middle  of  the 
image,  made  with  those  lines  in  which  they  would  have  pro- 
ceeded without  refraction,  was  44^  56**  And  the  vertical 
angle  of  the  prism,  65^  12'.  Also  the  refractions  on  both 
sides  the  prism,  that  is,  of  the  incident  and  emergent  rays, 
were  as  near  as  I  could  make  them  equal,  and  consequently 
about  54°  4'.  And  the  rays  fell  perpendicularly  upon  the 
wall.  Now  subducting  the  diameter  of  the  hole  from  the 
length  and  breadth  of  the  image,  there  remains  13  inches  the  ^ 
lengthy  and  2|  the  breadth,  coinprehended  by  those  rays  * 
which  passed  through  the  centre  of  the  said  hole,  and  con- 
sequently the  angle  of  the  hole,  which  that  breadth  subtended, 
was  about  31',  answerable  to  the  sun's  diameter;  but  the 
angle  which  its  length  subtended  was  more  than  five  such 
diameters,  namely,  2®  49'. 

I  took  two  boards,  and  plaped  one  of  them  close  behind 
the  prism  at  the  window,  so  that  the  light  mighrpass  through 
a  small  hole,  made  in  it  for  the  purpose,  and  fall  on  the  other 
board,  which  I  placed  at  about  12  feet  distance,  having  first 
made  a  small  hole  in  it  also,  for  some  of  that  incident  light  to 
pass  through.  Then  I  placed  another  prism  behind  this 
second  board,  so  that  the  light,  trajected  through  both  the 
boards,  mi^ht  pass  through  that  also,  and  be  again  refracted 
before  it  arrived  at  the  wall.     This  done,  I  took  the  first 
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prism  in  my  hand,  and  turned  it  to  and  fro  slowly  about  its 
axis,  so  much  as  to  make  the  several  parts  of  the  image,  cast 
on  the  second  board,  successively  pass  through  the  hole  in  it, 
that  I  might  observe  to  what  places  on  the  wall  the  second 
prism  wouJd  refract  them.  And  I  saw,  by  the  variation  of 
those  places,  that  the  light  tending  to  that  end  of  the  image, 
towards  which  the  refraction  of  the  first  prism  was  made,  did 
in  the  second  prism  suffer  a  refraction  considerably  greater 
than  the  light  tending  to  the  other  end.  And  so  the  true 
cause  of  the  length  of  that  image  was  detected  to  be  no 
other  than  that  light  consists  of  rays  differently  refrangible, 
which,  without  any  respect  to  a  difference  in  their  incidence, 
were,  according  to  their  degrees  of  refrangibility,  transmitted 
towards  divers  parts  of  the  wall. 

Light,  therefore,  is  not  similar,  or  homogeneal,  but  con- 
sists of  difform  rays,  some  of  which  are  more  refrangible  than 
others:  so  that  of  those,  which  are  alike  incident  on  the 
same  medium,  some  shall  be  more  refracted  than  others,  and 
that  not  by  any  virtue  of  the  glass,  or  other  external  cause, 
.  but  from  a  predisposition,  which  every  particular  ray  has  to 
suffer  a  particular  degree  of  refraction. 

As  the  rays  of  light  differ  in  degrees  of  refrangibility,  so 
they  also  differ  in  their  disposition  to  exhibit  this  or  diat 
particular  colour.  Colours  are  not  qualifications  of  light, 
derived  from  refTacti<Kis,  or  reflections  of  natural  bodies  (as 
it  is  generally  believed),  but  original  and  connate  properties, 
which  in  divers  rays  are  diverse.  Some  rays  are  disposed  to 
exhibit  a  red  colour,  and  no  other ;  some  a  yellow,  and  no 
other ;  some  a  green,  and  no  other ;  and  so  of  the  rest.  Nor 
are  there  only  rays  proper  and  particular  to  the  more  emi- 
nent colours,  but  even  to  all  their  intermediate  gradations. 

There  are  two  sorts  of  colours :  the  one  original  and 
simple,  the  other  compounded  of  these.  The  original  or 
primary  colours  are  red,  yellow,  green,  blue,  and  a  violet^ 
purple,  together  with  orange,  indiigo,  and  an  indefinite  variety 
of  intermediate  gradations. 

But  the  most  surprising  and  wonderful  composition  was 
that  of  whiteness.  There  is  no  one  sort  of  rays  which  alone 
can  exhibit  this.  It  is  ever  compounded,  and  to  its  com- 
Dosition  are  requisite  all  the  aforesaid  primary  colours,  mixed 
in  a  due  proportion.  I  have  oflen  with  admiration  beheld, 
that  all  the  colours  of  the  prism  being  made  to  converge,  and 
thereby  to  be  again  mixed  as  they  were  in  the  light  before  it 
was  incident  upon  the  prism,  reproduced  light,  entirely  and 
perfectly  white,  and  not  at  all  sensibly  differing  from  a  direct 
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light  of  the  sun,  unless  when  the  glasses  I  used  were  not 
8i]dBE[ciently  clear ;  for  then  they  would  a  little  incline  it  to 
their  colouc 

Why  the  colours  of  the  rainbow  appear  in  falling  drops  of 
rain,  is  also  from  hence  evident.  For,  those  drops  which 
refract  the  rays  disposed  to  appear  purple,  in  greatest  quantity 
to  the  spectator's  eye,  refract  the  rays  of  other  sorts  so  much 
less,  as  to  make  them  pass  beside  it ;  and  such  are  the  drops 
on  the  inside  of  the  primary  bow,  and  on  the  outside  of  the 
secondary  or  exteripr  one.  So  those  drops,  which  reiract  in 
greatest  plenty  the  rays  apt  to  appear  red,  towards  the 
spectator's  eye,  refract  those  of  other  sorts  so  much  more,  as 
to  make  them  pass  beside  it;  and  such  are  the  drops  on  the 
exterior  part  of  the  primary,  and  interior  part  of  the  se- 
condary, bow. 

I  might  add  more  instances  of  this  natiu'e ;  but  I  shall  con- 
clude with  this  general  one,  that  the  colours  of  all  natural 
bodies  have  no  other  origin  than  this,  that  they  are  variously 
qualified  to  reflect  one  sort  of  light  in  greater  plenty  than 
another.  And  this  I  have  experimented  in  a  dark  room,  by 
iUuminating  those  bodies  with  uncompounded  light  of  divers 
colours.  For,  by  that  means,  any  body  may  be  made  to  ap- 
pear of  any  colour.  They  have  there  no  appropriate  colour, 
but  ever  appear  of  the  colour  of  the  light  cast  upon  them, 
but  yet  with  this  di£Perence,  that  they  are  most  brisk  and 
vivid  in  the  light  of  their  own  day-light  colour. 


Account  of  the  Rotation  of  a  large  permanent  Spot  in  the  Planet 
Jupiter y  observed  by  Signer  Cassini. —  [1672.] 

Among  tlie  spots  of  Jupiter,  there  is  none  so  sensible  as 
one  that  is  situated  between  the  two  belts,  which  in  the  disk 
of  Jupiter  are  usually  seen  extended  from  east  to  west ;  the 
largest  of  which  is  between  the  centre  and  the  northern  limb, 
and  the  narrowest  is  beyond  the  centre  towards  the  southern 
limb.  This  spot  is  always  adhering  to  the  southern  belt,  its 
diameter  is  about  the  tenth  part  of  that  of  Jupiter;  and  at  the 
time  that  its  centre  is  nearest  to  that  of  Jupiter,  it  is  distant 
from  it  about  the  third  part  of  the  semidiameter  of  that 
planet. 

Signor  Cassini,  afler  he  had  made  many  observations  of 
this  spot  during  tlie  summer  of  the  year  1665,  found  that  the 
period  of  its  apparent  revolution  is  nine  hours  and  56  minutes. 
By  the  calculation  he  made  in  six  years,  it  is  found  to  have 
made,  in  respect  of  the  earth,  at  least  5294  revolutions,  each 
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of  nine  hours,  55  minutes,  58  seconds,  compensating  one  re- 
volution by  another,  and  at  most  5295  revolutions  of  nine 
hours,  55  minutes,  51  seconds ;  forasmuch  as  he  was  assured 
of  the  preciseness  of  one  mean  revolution  to  one  eighth  of  a 
minute,  which  will  be  verified  by  future  observations. 

Some  ObservaHans about  Shining  Fksh^  made  by  Mr.BoYLB,-^ 

[1672.] 

Mr.  Boyle  observed  a  neck  of  veal  to  shine  in  as  many  as 
20  places,  though  not  all  alike,  as  rotten  wood  or  stinking 
fish  do.  When  all  these  lucid  parts  were  surveyed  at  once, 
they  made  a  very  splendid  show ;  so  that  applymg  a  printed 
paper  to  some  of  the  more  luminous  spots,  ne  could  plainly 
read  divers  letters  of  the  title.  But  notwithstanding  the 
vividness  of  this  light,  it  did  not  yield  the  least  degree  of  heat 
to  the  touch ;  and  applying  to  the  most  shining  places  a 
sealed  weather-glass,  the  tinged  spirit  of  wine  was  not  ob- 
served to  be  sensibly  affected ;  and  notwithstanding  the 
^eat  number  of  lucid  parts,  not  the  least  degree  of  stench 
was  perceivable  to  infer  any  putrefaction. 

One  of  the  luminous  parts,  which  proved  to  be  a  tender 
bone,  and  of  the  thickness  of  a  half-crown  piece,  appeared  to 
shine  on  both  sides,  though  not  equally ;  and  the  part  of  the 
bone  whence  this  had  been  cut  off,  was  seen  to  shine,  but 
not  near  so  vividly  as  the  part  taken  off  did  before.  It 
yielded  no  luminous  juice,  or  moist  substance,  as  the  tails  of 
glow-worms  do :  upon  compressing  a  piece  of  the  luminous 
flesh  between  two  pieces  of  glass,  its  light  was  not  extin- 
guished ;  and  putting  a  luminous  piece  into  a  crystalline 
phial,  and  pouring  on  it  a  little  pure  spirit  of  wme,  and 
shaking  them  together,  in  about  a  quarter  of  an  hour  or  less, 
tlie  light  was  vanished.  But  water  could  not  so  easily  destroy 
this  light ;  for  putting  one  of  the  pieces  into  a  china  cup, 
almost  full  of  cold  water,  the  light  did  not  only  appear 
through  that  liquor,  but  above  an  hour  after  it  was  vigorous 
enough  not  to  be  eclipsed  by  being  looked  on  at  no  great  dis- 
tance from  a  burning  candle.  On  conveying  one  of  the  larger 
luminous  pieces  into  a  small  receiver,  tlie  pump  was  plied  in 
the  dark,  and  on  the  gradual  removal  of  the  air,  there  was 
perceived  a  gradual  diminution  of  the  light,  though  it  never 
quite  disappeared,  as  the  light  of  rotten  wood  and  glow-worms 
were  observed  to  do  ;  but  by  the  hasty  increase  of  light,  that 
disclosed  itself  in  the  veal  upon  admitting  the  air  into  the 
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exhausted  receiver,  it  appeared  that  the  decremeDt,  though 
but  slowly  made,  had  been  considerable. 

A  luminous  piece  of  it  included  in  a  phial,  afler  three  days 
shone  as  vigorously  as  ever :  the  fourth  day  its  light  was  also 
conspicuous,  so  that  it  could  be  seen  even  m  the  daynime,  in 
a  dark  comer  of  the  room  ;  but  before  the  ensuing  night  the 
light  began  to  decay,  and  the  offensive  smell  to  grow  some- 
what strong ;  which  seems  to  argue,  that  the  disposition,  by 
which  the  veal  became  luminous,  may  yery  well  consist,  both 
with  ite  being,  and  not  being,  in  a  state  of  putrefaction,  and, 
consequently,  is  not  likely  to  be  derived  from  the  one  or  the 
other. 


Observations  on    the  Nature  of  Snmo.      By  Dr,  Grew.  — 
[1673.] 

If  Aristotle  and  Descartes,  &c.  who  have  written  of  me- 
teors, and  amongst  them  of  snow,  have  not  yet  given  a  full 
account  of  it,  it  will  not  be  needless  to  enquire  further  of  it. 
He  that  will  do  this,  will  do  it  best,  not  by  the  pursuit  of  his 
&)cy  in  a  chair,  but  with  his  eyes  abroad ;  where  if  we  use 
them  well  fixed,  and  with  caution,  and  this  in  a  thin,  calm, 
and  stiU,  snow,  we  may  by  degrees  observe,  1st,  with 
M.  Descartes  and  Mr.  Hook,  that  many  parts  of  snow  are  of 
n.  regular  figure ;  for  the  most  part,  as  it  were,  so  many  little 
rowels  or  stars  of  six  points ;  being  perfect  and  transparent 
ice,  as  any  we  see  on  a  pool  or  vessel  of  water.  On  each  of 
these  six  points  are  set  other  collateral  points,  and  those  always 
at  the  same  angles  as  are  the  main  pomts  themselves.  Next, 
:}mong  these  irregular  figures,  though  many  of  them  are  large 
and  fair,  yet  from  these  taking  our  first  item,  many  others, 
alike  irregular,  but  much  smaller,  may  likewise  be  discovered. 
Again,  among  these  not  only  regular,  but  entire  parts  of 
snow,  looking  still  more  warily,  we  shall  perceive  that  tliere 
are  divers  others,  indeed  irregular,  yet  chiefly  the  broken 
points,  parcels,  and  fragments  of  the  regular  ones.  Lastly, 
that  besides  the  broken  parts,  there  are  some  others  which 
seem  to  have  lost  their  regularity,  not  so  much  in  being 
broken,  as  by  various  winds,  first  gently  thawed,  and  then 
firozen  into  little  irregular  clumps  again. 

From  hence  the  true  notion  and  external  nature  of  saev 
seems  to  appear,  viz.  that  not  only  some  few  parts  of  snow, 
but  origindly  the  whole  body  of  it,  or  of  a  snowy  cloud,  is  an 
infinite  mass  of  icicles  regularly  figured ;  that  is,  a  cloud  of 
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vapours  being  gathered  into  drops,  the  said  drops  forthwith 
descend;  on  which  descent,  meeting  with  a  soft  freezing 
wind,  or  at  least  passing  through  a  colder  region  of  air,  each 
drop  is  immediately  frozen  into  an  icicle,  shooting  itself  forth 
into  several  points  on  each  hand  outward  from  its  centre ; 
but  still  continuing  their  descent,  and  meeting  with  some 
sprinkling  and  intermixed  gales  of  warmer  air,  or  in  their 
continual  motion  and  waftage  to  and  fro  touching  upon  each 
other,  some  are  a  little  thawed,  blunted,  frosted,  ciumpered, 
others  broken,  but  the  most  clung  in  several  parcels  togfether, 
which  we  call  flakes  of  snow. 

It  being  known  what  snow  is,  we  perceive  why,  though  it 
seems  to  be  sofl,  yet  it  is  truly  hard,  because  true  ice; 
seeming  only  to  be  soft,  because  on  the  first  touch  of  the 
finger  on  any  of  its  sharp  edges  or  points,  they  instantly 
thaw ;  otherwise  they  would  pierce  oiu  fingers  like  so  many 
lancets.  Why  again,  though  snow  be  true  ice,  and  so  a  hard 
and  dense  body,  yet  very  light,  because  of  the  extreme 
thinness  of  each  icicle  in  comparison  of  its  breadth.  Also 
how  it  is  white,  not  because  hard,  for  there  are  many  soft 
bodies  white ;  but  because  consisting  of  parts  all  of  them 
singly  transparent,  but  being  mixed  together  appear  white, 
as  the  parts  of  froth,  glass,  ice,  and  other  transparent  bodies, 
whether  soft  or  hard. 

Thus  much  for  the  external  nature  of  snow ;  let  us  next  a 
little  enquire  into  its  essential  nature.  Now  if  we  would 
make  a  judgment  of  this,  I  think  we  may  best  do  it  by  con- 
sidering what  the  general  figure  of  snow  is,  and  comparing 
the  same  with  such  regular  figures  as  we  see  in  divers  other 
bodies.  As  for  the  figure  of  snow,  it  is  generally  one,  viz. 
that  which  is  above  described:  rarely  of  different  ones, 
which  may  be  reduced  chiefly  to  two  generals,  circulars  and 
hexagonals,  either  simple  or  compounded  together.  More 
rarely,  either  to  be  seen  of  more  than  six  points  ;  but  if  so, 
then  not  of  8  or  10,  but  12.  Or  in  single  shoots,  as  so  many 
short  slender  cylinders,  like  those  of  nitre.  Or  by  one  of 
these  shoots,  as  the  axle-tree,  and  touching  upon  the  centre 
of  a  pair  of  pointed  icicles,  joined  togeUier  as  we  two  wheels. 
Or  the  same  hexagonal  figure,  and  of  the  same  usual  breadth, 
but  continued  in  thickness  or  profundity. 
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Same    Observations    made    by  a  Microscope^  contrived   by 

M.  LsuwENHOEKy  in  Holland.  —  [167S.] 

The  mould  upon  skin,  flesh,  or  other  things,  has  been 
bj  some  represented  to  be  shot  out  in  the  form  of  the  staJks 
dT  vegetables,  so  as  that  some  of  those  stalks  appeared  with 
round  knobs  at  the  end,  some  with  blossom-Hke  leaves.  But 
I  observe  that  such  mould  shoots  up  first  with  a  straight 
transparent  stalk,  in  which  stalk  is  driven  up  a  globous  sub- 
stance, which  for  the  most  part  places  itself  at  the  top  of  the 
stalk,  and  is  followed  by  another  globule,  driving  out  the  first 
eiUier  sideways  or  at  the  top ;  and  that  is  succeeded  by  a 
third  and  more  such  globules  ;  all  which  make  up  at  last  one 
great  knob  on  the  stalk,  a  hundred  times  thicker  than  the 
stalk  itself.  And  this  knob  indeed  consists  of  nothine  else 
than  of  many  small  roundish  knobs,  which  being  multiplied, 
the  large  knob'  begins  to  burst  asunder,  and  then  represents 
a  kind  of  blossoms  with  leaves. 

The  sting  of  a  bee  I  find  of  a  different  form  than  has 
been  described  by  others. .  I  have  observed  in  it  two  other 
stings,  that  are  lodged  within  the  thickness  of  the  first  sting, 
each  having  its  peculiar  sheath. 

Further,  I  observe,  on  the  head  of  a  bee  before,  two 
artus  or  limbs  with  teeth,  which  I  call  scrapers,  conceiving 
them  to  be  the  organs  with  which  the  bee  scrapes  the  waxy 
substance  fi-om  the  plant.  Besides,  I  find  two  other  limbs, 
each  having  two  joints,  which  I  call  arms,  with  which  I 
believe  this  insect  performs  its  work  and  makes  tlie  combs. 
There  is  also  a  little  body  which  "I  call  the  wiper,  being 
rough,  and  exceeding  the  other  limbs  in  thickness  and  length, 
by  which  I  am  apt  to  believe  the  bee  wipes  the  honey  sub- 
stance from  the  plant.  All  which  five  limbs  the  bee,  when 
at  work,  lays  in  a  curious  manner  close  under  her  head,  in 
very  good  order. 

As  to  the  eye  of  the  bee,  which  I  have  taken  out  of 
the  bead,  exposing  its  innermost  part  to  the  microscope,  I 
find,  that  the  bee  receives  her  light  just  with  the  same  shadow 
as  we  see  the  honey-combs ;  whence  I  collect  that  the  bee 
works  not  by  art  or  knowledge,  but  only  after  the  pattern  of 
the  light  received  in  the  eye. 

In  a  louse  I  observe,  indeed,  as  others  have  done,  a 
short  tapering  nose  with  a  hole  in  it,  out  of  which  that  insect, 
when  it  will  draw  food,  thrusts  its  sting,  which,  to  my  eye» 
was  at  least  five  and  twenty  times  less  than  one  single  Jiair. 

Digitized  by  VjOOQ  IC 


40  L£UWBNHO£K's  discovkbiss. 

But  I  find  the  head  every  where  else  very  close  round  about, 
and  without  any  such  sutures  as  some  have  represented  it. 
The  skin  of  the  head  is  rough,  resembling  a  skin  that  has 
many  dents  in  it.  In  the  two  horns  I  find  five  joints,  others 
having  marked  but  four.  One  claw  of  her  foot  is  of  the 
structure  of  that  of  an  eagle,  but  the  other  of  the  same  foot 
stands  out  straight  and  is  very  small ;  and  between  these  two 
daws  there  is  a  raised  part  or  knob,  the  better  to  clasp  and 
hold  fast  the  hair. 

In  the  engraving  fig.  a  shows  ^  c 

part  of  the  sting  taken  out  of  the 
sheath  and  drawn  a  little  side- 
ways; whence  it  is,  that  the  crooks 
or  barbs  do  not  show  so  large 
nor  sharp  as  indeed  they  are. 

Fig.  o  represents  the  whole 
sting,  taken  out  of  the  sheath, 
and  with  its  back,  which  is  with- 
out barbs,  turned  to  the  eye. 
The  upper  part  of  the  sting  is 
closed  round  about,  and  hollow 
within,  and  the  lower  part  is  open. 

In  fig.  c  both  the  stings  are 
seen,  as  they  lie  together  before, 
close  against  the  sheath,  yet  is 
one  of  them  a  little  higher  than 
the  other;  and  forasmuch  as 
there  is  yet  seen  a  little  of  the  sheath,  here  both  the  stings 
seem  to  be  one,  furnished  on  both  sides  with  barbs. 

Fig.  d.  Both  the  stmgs  in  part  out  of  their  sheath,  yet  one 
stands  a  little  higher  out  of  the  case  than  the-  other.  Thus 
they  are  found  to  lie  in  their  sheath  when  they  are  at  rest. 

As  to  the  motion  of  these  stings,  I  conceive  it  to  be  thus 
made  :  first  the  bee  draws  her  sheath  with  its  stings  out  of 
the  body,  and  endeavours  to  thrust  it  as  far  as  she  can  into 
the  body  she  would  sting,  together  with  one  of  the  stings, 
which  at  that  time  she  draws  out  of  the  case ;  which  sting, 
when  she  is  drawing  back  again,  but  it  not  being  able  by 
reason  of  the  barbs  to  return,  she  pulls  the  sheath  and  tlie 
other  sting  deeper  into  the  body.  Now  it  is  that  she  uses 
her  other  sting,  which  she  then  thrusts  also  into  the  body  as 
deep  as  she  can,  and  then  endeavours  to  pull  that  back  also ; 
by  which  pulling  back  she  thrusts  her  sheath  and  first  sting 
yet  deeper  into  the  body ;  and  this  she  continues  so  long 
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till  she  gets  both  the  stings  and  the  aheath^  as  £ir  a«  to  the 
thick  part  of  the  sheath,  into  the  body. 


An  Attempt  to  prove  the  Motion  cf  the  Earth  from  Observ- 
ations made  by  Robert  Hook,  —  [1674.] 

The  ingenious  author  of  this  attempt,  having  considered 
with  himself,  that  the  grand  controversy  about  the  earth 
remains  yet  undetermined,  and  finding  there  was  no  better 
means  left  for  human  industry  to  decide  it  but  by  observing, 
whether  there  be  any  sensible  parallax  of  the  earth's  orbit 
among  the  fixed  stars,  did  thereupon  resolve  to  empJioy 
himself  in  making  some  observations  concerning  so  importaat 
a  point  in  astronomy.  His  method,  which  k^  gives  an  ac- 
count of,  is  to  observe,  by  the  passing  of  some  considerable 
star  near  the  zenith  of  some  place,  whether  such  a  star  does 
not  at  one  time  mi  the  year  pass  nearer  to  the  aenith^  and  at 
another  fiurther  fi*om  it. 

Accordingly  he  a£Brms  to  have  actually  made  four  observ- 
ations ;  by  wluch,  he  says,  it  is  manifest,  that  there  is  a  sen- 
sible parallax  of  the  earthls  orbit  to  the  star  in  the  dragon's 
head,  and  consequently  a  confirmation  of  the  Copemioan 
system  against  the  Ptolemaic  and  Tychonic  At  the  end 
of  the  explication  he  mentions  some  things,  which  he  looks 
upon  as  very  remarkable,  occurring  in  those  observations ; 
one  of  which  was,  tliat  in  the  day->time,  tlie  sun  shining  very 
clear,  he  observed  the  bright  star  in  the  dragon's  bead  to 
pass  by  the  zenith  as  distinctly  and  clearly  as  if  the  sun  had 
been  set;  which  he  esteems  to  have  been  the  first  time* that 
the  stars  were  seen  when  the  sun  shone  very  bright ;  that 
tradition,  of  seeing  the  stars  in  tlie  day  with  the  naked  eye 
out  of  a  deep  well  or  mine,  being  by  him  judged  a  mere 
fiction,  a  thing  he  had  deemed  impossible. 

Lastly,  he  promises  that  he  will  explain  to  the  curious  a 
system  of  the  world,  differing  in  many  particulars  from  any 
yet  known,  but  answering  in  all  things  to  the  common  rules 
of  mechanical  motions ;  which  sjrstem  he  here  declares  to 
depend  on  three  suppositions :  1.  That  all  celestial  bodies 
whatsoever  have  an  attraction  or  gravitating  power  towards 
their  own  centres,  whereby  they  attract,  not  only  their  own 
parts,  and  keep  them  from  flying  from  than,  as  we  may 
observe  the  earth  to  do :  but  also  all  other  celestial  bodies 
that  are  within  the  sphere  of  their  activity.     2.  That  all 
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bodies  whatsoever,  that  are  put  into  a  direct  and  simple 
motion,  will  so  continue  to  move  forward  in  a  straight  line 
till  they  are  by  some  other  more  effectual  power  deflected 
and  bent  into  a  motion  that  describes  some  curve  line, 
3.  That  these  attractive  powers  are  so  much  the  more  power- 
ful  in  operating,  by  how  much  the  nearer  the  body  acted  on 
is  to  their  own  centres./ 


Microscopical  Observations  made  by  M.  Leuwenhoek*  — 
[1674.] 

I  HAVE  observed  by  the  microscope,  that  blood  consists  of 
small  round  globules  driven  through  a  crystalline  humidity 
or  water.  I  have  likewise  observed  some  of  the  sweet  milk 
of  cows,  and  find  that  also  to  be  made  up  of  small  transparent 
globules,  carried  in  the  same  manner  as  in  the  blood  through 
a  clear  liquor.  ^ 

I  observed  the  hair  of  an  elk,  and  found  it  whoUy  to 
consist  of  conjoined  globules,  which  by  my  microscope  ap- 
peared so  manifestly  to  me,  as  if  they  could  be  handled ; 
and  therefore  having  so  clearly  seen  those  globules,  I  assure 
myself,  that  the  growth  and  increment  of  Jiair  is  made  by  the 
Drotrusion  and  driving  on  of  globules.  This  hair  of  the  elk  I 
find  to  be  within  much  hollower,  than  that  of  men  or  of 
other  animals. 

Again,  I  also  observed  a  nail  of  my  hand,  and  found  it 
likewise  to  be  made  up  of  globules,  not  doubting  but  that  it 
also  grows  from  globules  protruded. 

Having  formerly  spoken  of  the  louse,  her  sting,  &c.  I 
cannot  here  omit  to  say  something  of  what  I  have  seen 
within  that  creature.  I  have  several  times  put  a  hungry 
louse  upon  my  hand,  to  observe  her  drawing  blood  from 
thence,  and  the  subsequent  motion  of  her  body,  which  was 
thus :  the  louse  having  fixed  her  sting  in  the  skin,  and  now 
drawing  blood,  the  blood  passes  to  the  fore  part  of  the  head 
in  a  fine  stream,  and  then  it  falls  into  a  larger  round  place^ 
which  I  take  to  be  filled  with  air.  This  large  room  being, 
as  to  its  fore  part,  filled^^  about  half  full  witli  blood,  then  pro- 
pels its  blood  backward,  and  the  air  forward  again  :  and  this 
is  continued  with  great  quickness,  while  the  louse  is  drawing 
the  blood ;  except  that  at  times  she  stops  a  little,  as  if  she 
were  tiredi  and  recollects  herself;  a  motion  l^e  that^  it 
seems,  which  is  in  the  mouth  of  a  sucking  infant:  from 
thence  the  blood  passes  in  a  fine  stream  into  Uie  midst  of  her 
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heady  that  being  also  a  large  round  place,  where  it  has  the 
same  motion.  Hence  it  passes  in  a  subtile  stream  to  the 
breast,  and  thence  into  a  gut,  which  goes  to  the  hindmost 
part  of  the  body,  and  with  a  curvity  bends  a  little  upwards 
again.  In  the  breast  and  gut  the  blood  is,  without  intermissiony 
moved  with  great  force,  and  especially  in  the  gut ;  and  that 
with  such  strong  beatings  downwards,  and  with  such  a  retro- 
course  and  contraction  of  the  gut,  that  a  curious  eye  cannot 
but  admire  the  motion. 


Mierotccpical  ObgervatUms  coneeminff  Bloody  MUk^  B<me$, 
and  the  Brainy  Sfc.  By  M.  Leuwsnhobk.  —  [1674.] 
The  small  red  globules  in  the  blood  are  heavier  than  the 
crystalline  liquor  in  which  they  are  carried ;  because,  soon 
after  the  blood  is  let  out  of  the  veins,  those  globi^es 
gradually  subside  towards  the  bottom ;  and  consisting  of  soft 
fluid  corpuscles,  many  oi  which  lie  on  one  another,  they 
unite  close  together,  by  which  conjunction  the  hlood  under 
its  surfiu:e  alters  its  colour,  and  becomes  dark,  red,  or 
blackish.  The  red  globules  oi  the  blood  I  reckon  to  be 
25,000  times  smaller  than  a  grain  of  sand. 

I  have  observed  the  tooth  of  a  cow,  and  found  it  made  up 
of  transparent  globules,  which  I  can  see  very  perfectly.  The 
same  I  have  observed  in  ivory  or  elephants'  teeth.  And  I 
have  no  doubt  but  that  all  white  bones  do  consist  of  trans- 
parent globules.  I  am  of  opinion,  that  all  things  which 
appear  white  to  our  eyes  are  made  up  of  nothing  but 
transparent  particles  lying  one  upon  another,  such  as  snow, 
white  paper,  linen,  white  stones,  white  wood,  scum,  beaten 
glass,  beaten  rosin,  sugar,  salt,  &c. 

The  brains  of  a  cow  being  viewed,  I  found  the  white  iub- 
stance  of  it  to  be  made  up  idso  of  very  fine  globules.  As  to 
the  marrow  of  the  back-bone,  I  found  that  also  to  consist  of 
very  subtile  globules.  Having  divers  times  observed  the 
flesh  of  a  cow,  I  found  it  to  consist  of  very  slender  filaments, 
lying  by  each  other,  as  if  woven  into  a  film.  I  have  also 
viewed  several  filaments  which  were  beset  with  globules. 
These  I  judged  to  be  blood,  and  that,  pricking  our  body  wiUi 
a  pin  wi&out  hitting  a  vein,  the  bloody  globules  issued  from 
b^ween  these  filaments ;  but  this  I  feave  to  further  consi- 
deration. Mean  time  I  have  with  a  pin's  point  severed  these 
filaments  firom  one  another,  and  found  the  single  ones  so  fine, 
that  any  of  them  seemed  to  me  25  times  thinner  and  finer 
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than  a  hair.  Having  exposed  them  to  my  microscope,  I  saw, 
to  my  wonder,  that  they  were  made  up  of  very  small  con-^ 
joined  globules,  which  in  smallness  seemed  to  surpass  all 
the  rest 

The  uppermost  skin  of  our  body  consists  of  round  parts  or 
small  scales.  And  I  fancy  that  the  continual  growth  of  this 
cuticula  is  made  in  this  manner ;  that  the  humidity  issues 
forth  from  between  all  those  round  particles  or  scales  lying 
close  upon  each  other,  and  not  through  pores  as  many  have 
taught.  Like  a  close  and  well  twisted  cable,  upon  which 
pouring  continually  some  water,  this  water  will  pass  tlirough 
the  whole  cable,  and  oose  out  at  the  end ;  not  passing 
through  any  pores,  but  making  its  way  about  and  between 
the  filaments  of  the  cable;  and  so  getting  out  beneath.  And 
the  coarser  or  more  consistent  matter  cleaves  to  the  body, 
and  so  makes  the  uppermost  skin ;  which  thus  grows  on 
from  beneath,  and  is  worn  off  from  above :  and  the  more 
transparent  these  particles  are,  the  whiter  is  our  skin.  And 
the  Uke  manner  of  growing  I  have  formerly  said  to  take 
place  in  plants,  only  with  this  difference,  that  when  the 
superficies  of  a  moist  globule,  which  is  driven  out  of  the 
plant,  is  become  somewhat  stiff,  the  moisture  is  then  pro- 
pelled out  of  the  upper  end  of  the  plant,  and  that  by  a  con- 
tinual succession.  Which  kind  of  process  &£  growing  I 
apprehend  may  in  some  manner  be  seen  m  the  pith  of  wood, 
in  cork,  in  the  pith  of  membranes,  as  also  in  the  white  of 
aquUl. 

I  have  often  viewed  the  sweat  of  men  and  horses,  azid 
found  it  consisted  of  a  arystalline  moisture,  in  which  I  saw 
many  transparent  globules  moving  with  some  odd  larger 
parts,  which  I  judged  to  be  scaliags  off  from  the  cuticula. 

I  formerly  announced,  that  I  imagined  I  luul  seen  hair 
as  made  up  of  united  globules,  and  to  have  also  observed 
elepbants'  hair  consist  oi  the  like.  I  cannot  omit  now  to 
communicate,  that  since  then  I  have  seen  such  globules,  not 
only  in  human  hair  and  horse  hair,  but  also  frequently  in  the 
wool  of  sheep ;  and,  further,  that  the  root  of  the  hair  pulled 
out  of  the  eye-brows  consists  altogether  of  the  like  globules. 
Having  pulled  out  of  an  elephant's  tail  a  bhick  hair,  and  cut 
transversely  from  it  a  thin  scale,  I  exposed  it  to  my  micro- 
scope, which  represented  in  the  thick  of  that  hair  about  a 
hundred  little  specks,  somewhat  whitish,  and  in  each  speck  a 
black  point,  and  in  some  few  of  those  black  points  a  little 
hole  ;  and  this  air  consisted  of  united  globules,  which  yet  I 
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tho^gilt  I  should  ha<re  found  larger  in  this  thick  hair  of  so 
bulky  a  beast  than  indeed  they  were. 

I  lately  vieired  some  blood  in  which  there  was  much  of 
the  crystalline  liquor ;  and  going  into  the  open  air  in  high 
wind  I  saw,  to  my  great  delight,  continually,  and  without 
any  other  motion  but  that  of  the  wind,  the  red  globules 
Mown  about,  and  as  if  each  globule  had  yet  a  second  motion, 
and  that  about  its  axis. 

I  have  heretofore  viewed  the  fat  of  sheep  and  cows,  and 
showed  to  several  of  the  curious,  that  it  is  made  up  of  glo- 
bules joined  together,  which  appeared  to  my  eye  as  large  as 
ordinary  hail-stones.  And  I  liave  lately  observed,  that  each 
globule  of  fat  consists  of  more  than  a  thousand  small  glo- 
bules. Yet  I  am  apt  to  believe,  that  those  that  have  not 
seen  the  globules  m  blood,  hair,  bone,  &c.  will  not  satisfy 
themselves  about  seeing  them  in  fat,  because  of  their  extra- 
ordinary minuteness.^ 


An  Account  given  by  Dxmrs  Papin  to  show  thai  ^  Rain  and 
Snow  Waten  are  sufficient  to  make  Fountains  and  Rivers 
run  perpetually.  —  [1675.] 

Some  persons  say,  that  a  cubic  inch  of  water  yields,  in 
24<  hours  running,  1^4  muids  (the  name  of  a  French  measure 
holding  280  French  pints),  others  say  it  yields  but  70  of  that 
measure.  But  I  have  reason  to  believe  that  it  yields  8S  of 
this  measure  ;  and  it  is  known  that  a  vessel  of  eight  cubic  feet 
holds  one  muid  of  water. 

This  being  supposed,  it  follows,  that  a  vessel  which  con- 
tains 83  muids  of  water  is  able  to  furnish  in  24  hours  as 
much  as  will  make  an  inch  of  water  run  continually.  So  that, 
if  a  cobgerratory  should  hdd  SS78  tnuids  of  water,  it  would 
furnish  for  a  whole  year  a  sufficient  quantity  to  make  an  inch 
of  water  run  constantly.  And  ff  it  were  as  large  again,  it 
would  f^iimish  two  runnmg,  and  so  on  in  proportion.  Then 
for  the  nfeasm^e  of  the  rain  and  snow  water,  I  han^e  found 
that,  taking  the  Uiec^m,  we  have  19  inches  and  2i  linetf  in 
depth. 

I  have  observed  the  river  Seine,  in  its  course  from  the 
source  of  it  unto  Ainay  le  Due,  where  a  Tivulet  enters  that 
swells  it.  And  this  I  shall  take  for  the  subject  of  the  exa- 
mination I  bitend  to  make.  —  The  course,  then,  of  this  river, 
from  its  sprhig  to  the  said  Ainay  le  Due,  is  about  three 
leagues  long,  afid  the  sides  of  its  course  extend  themselves 
on  the  right  and  left  about  two  leagues  on  each  side,  where 
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there  are  other  little  rivers  that  run  another  way :  and  since 
these  rivulets  require  water  to  maintain  them,  as  well  as  the 
Seine,  I  shall  count  but  half  that  space  of  the  sides,  and  saj, 
that  the  place  where  the  Seine  passes,  has,  from  its  source 
to  Ainay  le  Duc»  three  miles  long,  and  two  miles  broad. 

If  a  reservoir  were  made  of  this  size,  it  would  be  six 
leagues  square  in  surface,  which  being  reduced  to  fathoms, 
it  would,  according  to  the  measure  above  mentioned,  make 
31j:  millions  of  &thoms  in  surface.  In  this  conservatory 
imagine,  that  during  a  whole  year,  there  has  fallen  rain  to 
the  height  of  19  inches  2^  lines,  as  before  said ;  this  height 
of  19  inches  and  2^  lines  gives  nearly  281  millions  of  muids 
of  water.  A]l  this  water  thus  collected,  in  the  quantity  just 
now  expressed,  is  that  stock  which  is  to  serve  to  make  the 
river  run  for  a  whole  year,  from  its  source  to  the  place  before 
named,  and  which  must  also  serve  to  supply  other  occasions 
and  losses,  such  as  are  the  feeding  of  trees,  herbs,  vapours, 
and  extraordinary  swellings  of  the  river  while  it  rains,  and 
the  deviations  of  the  water  running  another  way. 

This  river,  then,  sends  away  within  its  banks  in  a  year  no 
more  than,  about  36|  millions  of  muids  of  water.  But  taking 
this  quantity  out  of  the  281  millions  that  are  in  the  conserv- 
atory above  described,  there  will  remain  yet  above  188  mil- 
lions of  muids,  which  amounts  to  almost  five  times  as  much, 
and  which  serves  to  fiunish  for  the  losses,  diminutions,  and 
other  wastes,  above  noticed.  So  that  there  needs  but  the 
sixth  part  of  the  rain  and  snow  water  that  falls  in  a  year,  to 
make  a  river  run  continually  through  the  whole  year. 


JRestoraiion  of  Animal  Life.  By  Br,  Pechlin.  —  [1676.] 
He  relates  that  extraordinary  example  of  a  Swedish  gar- 
dener, lately  alive,  who  some  years  ago  endeavouring  to  help 
another  who  was  fallen  into  the  water  under  the  ice,  feu 
into  it  himself  to  the  depth  of  18  Swedish  ells ;  where  after- 
wards he  was  found  standing  upright  with  his  feet  on  the 
^ound,  and  whence  they  drew  him  up,  after  he  had  remained 
there  for  the  space  of^  16  hours,  wrapping  him  about  dose 
with  ]inen  and  woollen  clothes,  to  keep  the  air  from  too  sud- 
denly rushmg  upon  him,  and  then  laying  him  in  «ome  warm 
place,  and  rubbing  and  rolling  him,  and  at  length  giving  him 
some  very  spirituous  liquor  to  drink ;  by  all  which  he  was 
at  length  restored  to  life,  and  brought  to  die  queen-mother 
of  Sweden,  who  gave  him  a  yearly  pension,  and  showed  him 
as  a  prodigy  to  divers  persons  of  quality ;  the  same  thing 
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bekg  also  confirmetl  by  the  famom  Dr.  Langelot,  who  him- 
self received  the  relation  in  Sweden  so  well  attested,  that 
nothing,  says  our  author,  can  be  required  more  to  prove  a 
historical  truth. 


OhKTvations  on  a  Subterranean  Fire  in  a  Coalmine  near 
Newcastle.  By  Dr.  Lucas  Hodgson.  —  [1676.] 
This  subterraneous  fire  bears  no  analogy  to  other  voF- 
canoes :  it  increases  or  decreases  according  to  the  subject  it 
feeds  on,  which  is  for  the  most  part  a  day-coal,  as  they  call 
it,  that  is,  the  upper  seam  of  the  coal,  next  exposed  to  the 
air,  so  that  you  may  light  a  candle  at  it  in  some  places,  in 
oUiers  it  is  some  fathoms  deep,  according  as  the  day-coal 
heightens  or  deepens.  There  is  no  sal  ammoniac,  nor  any 
thing  like  it  to  be  found,  except  at  the  fire.  There  being 
such  a  mixture  of  the  steams  of  sal  ammoniac  and  sulphur 
rising  together  in  most  places,  it  is  hard  to  distinguish  them ; 
for  though  the  fiowers  of  brimstone  seem  to  rise  first,  yet 
there  is  commonly  a  crust  of  sal  ammoniac  under  them. 

The  milky  substance  is  only  found  where  the  sal  ammoniac 
and  sulphur  are  totally  gone,  and  the  acid  part,  or  aluminous 
spirit  of  that  white  mass,  will  also  fly  off  by  the  increase  of 
the  fire,  leaving  a  caput  mortuum,  dry,  styptic,  and  as  hard 
as  a  stone ;  yet  a  pound  of  this  mass,  before  the  fire  press 
too  much  upon  it,  will  nearly  afford  by  solution,  &c.  half  a 
pound  of  tolerable  crystalline  alum.  The  neighbouring  soil 
differs  little  from  other  grounds  with  us,  having  neither  com- 
mon salt  nor  nitre  in  it.  I  have  industriously  observed  the 
springs  that  are  near  the  fire,  and  find'  hone  of  them  that 
give  the  least  suspicion  of  sal  ammoniac.  The  water  that 
runs  from  the  adjacent  collieries  is  vitriolic,  giving  as  deep  a 
tincture  with  galls  as  Scarborough  Spa,  and  differs  in  nothing 
from  the  ordinary  waters  of  collieries.  The  other  springs 
are  of  ordinary  use,  containing  no  mineral  salts  in  them. 

But  I  hope  you  will  cease  to  wonder,  that  coal  should  pro- 
duce a  volatile  salt  by  th6  action  of  fire,  seeing  I  have  ga- 
thered sal  ammoniac  from  a  burning  brick-kiln,  where  nothing 
but  day  and  coal  is  burnt  together  ;  and  I  hope  none  will 
expect  the  volatile  salt  in  the  sal  ammoniac  from  common 
clay.  The  reason  that  first  prompted  me  to  seek  this  salt 
there,  was,  that  the  smell  of  the  kiln  did  somewhat  resemble 
that  of  the  subterranean  fire.  There  is  also  a  sort  of  mineral' 
called  slate,  which  is  partly  coal,  partly  alum-stone,  partly 
marcasite,  which  being  laid  up  in  heaps  and  burnt,  is  used 
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for  hardeniiig  the  coal-ways  :  on  these  heaps,  whilst  buming, 
I  have  often  gathered  both  brimstone  and  sal  animoniaq»^ 


Observations  on  Animalcula  seen  in  Rain,  Welly  Sea,  and 

Snow  Water;  as  also  in  Pepper  Water.   ByM.LEVWEN- 

flrojsj:.— [1677.] 

In  the  year  1675, 1  discovered  very  small  living  creatures 
in  rain-water,  which  had  stood  but  few  days  in  a  new  earthen 
pot,  glazed  blue  within.  This  invited  me  to  view  this  water 
with  great  attention,  especially  those  little  animals  appear- 
ing to  me  ten  thousand  times  less  than  water-fleas,  or 
water-lice,  which  may  be  perceived  in  the  water  with  the 
naked  eye. 

The  first  sort  I  several  times  observed  to  consist  of  5, 6,  7, 
or  8  clear  globules,  without  being  able  to  diUcem  any  film  that 
held  them  together,  or  contained  them.  When  these  animal- 
cula, or  living  atoms>  moved,  they  put  forth  two  little  horns, 
continually  moving.  The  space  between  these  two  horns 
was  flat,  though  the  rest  of  the  body  was  roundish,  sharpen- 
ing a  little  towards  the  end,  where  they  had  a  tail,  near  four 
times  the  length  of  the  whole  body,  of  the  thickness,  by  my 
microscope,  of  a  spider's  web ;  at  the  end  of  which  appeared 
a  globule  of  the  size  of  one  of  those  which  made  up  the  body. 
These  little  creatures,  if  they  chanced  to  light  on  the  least 
filament  or  string,  or^  other  such  particle,  were  entangled 
therein,  extending  their  body  in  a  long  round,  and  endeavour- 
ing to  disentangle  their  tail.  This  motion  of  extension  and 
contraction  continued  a  while;  and  I  have  seen  several 
hundreds  of  these  poor  little  creatures,  within  the  space  of  a 
grain  of  gross  sand,  lie  fast  clustered  together  m  a  few 
filaments. 

I  also  discovered  a  second  sort,  of  an  oval  figure ;  and  I 
imagined  their  head  to  stand  on  the  sharp  end.  These  were 
a  little  larger  than  tlie  former.  The  inferior  part  of  their 
body  is  flat,  furnished  with  several  extremely  thin  feet,  which 
moved  very  nimbly.  The  upper  part  of  the  body  was  round, 
and  had  within  8,  10,  or  12  globules,  where  they  were  very 
clear.  These  little  animals  sometimes  changed  their  figure 
into  a  perfect  round,  especially  when  they  came  to  lie  on  any 
dry  place.  Their  body  was  also  very  flexible ;  for  as  soon  as 
they  struck  against  any  the  smallest  fibre  or  string,  their  body 
was  bent  in,  which  bending  presently  also  jerked  out  again. 

There  was  a  fourth  sort,  which  were  so  small  that  I  was 
not  able  to  give  them  any  figure  at  all.    These  were  a  thousand 
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times  smalier  than  the  eye  of  a  large  louse.  These  exceeded 
\  all  the  former  in  celerity.  I  have  often  observed  them  to 
^  stand  stOl  as  it  were  on  a  point,  and  then  turn  themselves 
about  with  diat  sw^ness,  as  we  see  a  top  turn  round,  the  cir- 
cumference they  made  beine  no  larger  than  that  of  a  small 
grain  of  sand,  and  then  extending  themselves  straight  forward, 
and  by  and  by  lying  in  a  bending  posture. 

I  perceived  in  pure  water,  af&r  some  days,  more  of  those 

animals,  as  also  some  that  were  somewhat  larger.     And  I 

imagine,  that  many  thousands  of  these  little  creatures  do  not 

,    equal  an  ordinary  grain  of  sand  in  bulk ;  and  comparing  them 

with  a  cheese-mite,  which  may  be  seen  to  move  with  the 

Baked  eye,  I  make  the  proportion  of  one  of  these  small 

water-creatures  to  a  cheese-mite,  to^be  like  that  of  a  bee 

to  a  horse ;  for,  the  circumference  of  one  of  these  little 

animals  in  water  is  not  so  large  as  the  thickness  of  a  hair  in 

a  cheese-mite. 

In  another  quantity  of  rain-water  exposed  for  some  days  td 

I    the  air,  I  obsierved  some  thousands  of  them  in  one  drop  of 

'    water,  wludh  were  of  the  smallest  sort  that  I  had  seen  hitherto. 

And  in  some  time  after  I  observed,  besides  the  animals 

already  noted,  a  sort  of  creatures  that  were  eight  times  as 

large,  of  ahnost  a  round  %ure;  and  as  those  very  small 

animalcula  swam  gently  among  each  other,  moving  as  gnats 

do  in  the  air,  so  did  these  larger  ones  move  &r  more  swiftly, 

tomWng  round  as  it  were,  and  then   making  a  sudden 

downfall. 

In  the  water  of  the  river  of  Maese  I  saw  very  snaall  creatures 
of  difRsrent  kinds  and  colours,  and  so  small,  that  I  could  very 
hardly  discern  their  figures ;  but  the  number  of  them  was  far 
less  than  of  those  found  in  rain-water.  In  the  water  of  a 
▼ery  cold  well  in  the  autumn,  I  discovered  a  great  number  of 
Inrmg  animals  very  small,  that  were  exceedingly  clear,  and  a 
little  larger  than  the  smallest  I  ever  saw.  In  sea-water  I  ob- 
served, at  first,  a  little  blackish  animal,  looking  as  if  it  had 
been  made  up  of  two  globules.  This  creature  had  a  peculiar 
motion,  resembling  the  skipping  of  a  flea  on  white  paper,  so 
that  it  might  veiy  well  be  called  a  water-flea ;  but  it  was  far 
less  than  the  eye  of  the  water-flea. 

Having  put  about  one  third  of  an  ounce  of  whole  pepper  in 
water,  and  it  having  lain  about  three  weeks  in  the  water,  to 
which  I  had  twice  added  some  snow-water,  the  other  water 
being  in  great  part  exhaled,  I  discerned  in  it  witli  great 
surprise  an  incredilde  number  of  little  animals,  of  divers  kinds, 
and  among  the  rest,  some  that  were  three  or  four  times  as 
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long  as  broad ;  but  their  whole  thickness  did  not  much  exceed 
that  of  the  hair  of  a  louse.  They  had  a  very  pretty  motion^ 
often  tumbling  about  and  sideways:  and  when  die  water 
was  let  to  run  off  from  them,  they  turned  round  like  a  top ;  at 
first  their  body  changed  into  an  oval,  and  afterwards,  when 
the  circular  motion  ceased,  they  returned  to  their  former 
length.  The  second  -  sort  of  creatures  discovered  in  this 
water  were  of  a  perfect  oval  figure,  and  they  had  no  less  ^ 
pleasing  or  nimble  a  motion  than  the  former;  and  these  were 
in  far  greater  numbers.  Ther^  was  a  third  sort,  which  ex- 
ceeded the  two  former  in  number,  and  these  had  tails  like 
those  I  had  formerly  observed  in  rain-water.  The  fourth 
sort,  which  moved  through  the  three  former  sorts,  were 
incredibly  small,  so  that  I  judged,  that  if  100  of  them  lay  one 
by  another,  they  would  not  equal  the  length  of  a  grain  of 
coarse  sand;  and  according  to  this  estimate,  1,000,000  of 
them  could  not  equal  the  dimensions  of  a  grain  of  such  coarse 
sand.  There  was  discovered  a  fifth  sort,  which  had  near  the 
thickness  of  the  former,  but  almost  twice  the  length. 

I  thus  order  my  division  of  the  water,  and  the  enumeration 
of  the  animalcula:  I  suppose  that  a  drop  of  water  equals  a 
pea  in  bulk ;  and  I  take  a  little  quantity  of  water  of  a  round 
figure,  as  large  aa  a  millet-srain ;  this  I  reckon  to  bQ  the  -^4^ 
part  of  a  pea:  for  when  the  axis  of  a  millet-seed  makes  1, 
that  of  a  pea  makes  4*^  :  whence  it  follows,  that  the  grain  of 
a  millet  is  at  least  the  -g^-  f&^t  of  a  pea,  according  to  the 
received  rules  of  mathematicians.  This  small  quantity  of 
water  I  gather  up  into  a  very  slender  glass-pipe,  dividing  by 
this  means  that  little  water  into  25  or  30  parts,  of  which 
I  observe  one  part  after  another,  and  show  the  same  to 
others. 

Other  spectators,  as  well  as  myself,  judged  that  in  ^^  part 
of  the  water,  equalling  the  bulk  of  a  mUlet-seed,  he  saw  more 
than  1000  living  animals :  but  they  wondered  much  more, 
when  I  said  I  saw  it  in  two  or  three  kinds  of  much  smaller, 
animals  besides,  which  did  not  appear  to  them,  because  I  saw^ 
them  by  another  microscope,  which  I  still  reserve  to  myself 
alone.  Hence  it  is  manifest,  that  if  in  the  ^^  part  of  one 
millet-seed  there  are  seen  1000,  there  may  be  seen  30,000  in 
one  such  whole  seed,  and  consequently  in  a  drop  of  water, 
which  is  91  times  larger  than  such  a  seed,  there  may  be  seen 
2,730,000.  For,  4^  x  4 J  x  4i  =  91^;  and  91  x  30,000 
=  2,730,000. 

Otherwise,  I  compare  the  quantity  of  the  water  to  the  bulk 
of  a  grain  of  sand ;  in  which  quantity  of  water  I  doubt  not. 
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at  ^  that  I  see  more  than  1000  animalcula.  Now  if  the 
axis  of  a  grain  of  sand  be  1,  the  axis  of  a  drop  of  water  is  at 
least  lOy  and  consequently  a  drop  is  1000  times  larger  than 
that  sand,  and  therefore  1,000,000  living  creatures  in  one  drop 
of  water.  In  which  computation  I  rather  lessen  than  heighten 
the  number. 
Last  winter,  when  the  severe  cold  had  killed  the  little 
%  creatures,  observing  the  water  thawed  by  the  warmth  of  the 
room  in  which  it  had  stood  for  a  whole  day  with  a  fire  in  it, 
I  found  after  24«  hours  were  elapsed,  and  another  time  after 
17  hours  were  passed,  that  some  living  animals  appeared 
again  in  that  waterv^ 


On  the  trembling  of  Consonant  Strings.  By  Dr.  Wallis.  -^ 
[1677.]  . 
Sir,  —  I  have  thought  ifit  to  notice  a  discovery  that  has 
been  made  here.  Whereas  it  has  been  long  since  observed, 
that  if  a  viol  or  lute  string  be  touched  with  the  bow  or  hand, 
another  string  on  the  same  or  another  instrument  not  far 
firom  it,  if  an  unison  to  it  or  an  octave,  dr  the  like,  will  at  the 
same  time  tremble  of  its  own  accord.  The  cause  of  it  having 
been  formerly  discussed  by  many,  I  do  not  how  enquire  into. 
But  add  this  to  Uie  former  observation,  that  not  the  whole  of 
that  other  string  trembles,  but  the  several  parts  severally, 
according  as  they  are  unisons  to  the  whole,  or  the  parts  of 
that  string  which  is  so  struck.  For  instance,  supposing  A  C 
to  be  an  upper  octave  to  07,  and  therefore  an  unison  to  each 
half  of  it,  stopped  at  p ;  now  if,  while  ary  is  open,  A  C  be  struck, 
the  two  halves  of  this  other,  that  is,  a/3  and  jSy,  will  both 
tremble,  but  not  the  middle  point  at  /?.    Which  will  easily 

be  observed,  if  a  little  bit  of    a. -- =^— C 

pq>er  be  lighliy  wrapped  about     **•  h  ^ 

the  string    07,   and    removed 
successively  from   one  end  of 

the  string  to  the  other.   In  like    a. •■ — ■ "^ — -U 

manner,  if  A  D  be  an  upper     ^  k  ^  '^ 

twelfth  to  aly  and  consequently  ^ 

an  unison   to  its  three  parts  ^ 

etpially  divided  in  ft  7.     Now    ^  ^ 

if,    wd   being   open,    A  D    be  fi     ^       <3r 

struck,  its  three  parts,  aj8,  J87, 

7$,  will  severally  tremble,  but 

not  the  points  ft  7 ;  which  may    ^ — ^ 

be    observed    in  like  manner  -^ "         ^  /^ 

Digitized  by  VjOOQ  IC 


52  A   MXTfiOB. 

as  the  former.  In  the  same  way,  if  A  £  be  a  doubie  octave 
to  ae,  the  four  quartets  of  this  will  tremble,  when  that 
is  struck,  but  not  the  points  p,  7,  d.  So  if  A  G  be  a  6&h 
to  oMj,  and  consequently  each  half  of  that  stopped  in  D,  an 
unison  to  each  third  part  of  this  stopped  in  yt,  while  that 
is  struck,  each  part  of  this  will  tremble  severally,  but  not 
the  points  y,  c ;  and  wbUe  this  is  struck,  each  of  that  will 
tremble,  but  not  the  point  D.  The  like  will  hold  in  less 
concords,  but  the  less  remarkably  as  the  number  of  divisions 
increases. 


Cf  an  unusual  Meteor.  By  Dr.  Wallts.  —  [1677.] 
An  unusual  meteor  was  seen  Sept.  20th,  1676,  about  seven 
o'clock;  which,  ^though  it  seemed  very  low',  was  seen  in 
most  parts  of  England  much  at  the  same  time,  and  much  in 
the  same  manner.  I  hear  of  it  from  divers  persons  who  saw 
it  in  Oxford,  Northamptonshire,  Gloucestershire,  Worcester- 
shire, Somersetshire,  Hampshire,  Kent,  Essex,  London,  &c. 

In  the  dusk  of  that  evening,  there  appeared  a  sudden  light, 
equal  to  that  of  -noonday  ;  so  that  the  smallest  pin  or  straw 
might  be  seen  lying  on  the  ground.  And  above  in  the  air 
was  seen,  at  no  great  distance  as  was  supposed,  a  long. ap- 
pearance as  of  fire ;  like  a  long  arm,  with  a  great  nob  at  the 
end  of  it,  shooting  along  very  swiftly;  and  at  its  disappearing 
seemed  to  break  into  small  sparks  or  parcels  of  fire,  like  as 
rockets  and  such  artificial  fire-works  in  the  air  usually  do. 
It  wa^  so  surprising  and  of  so  short  continuance,  that  it  was 
scarcely  seen  by  any  who  did  not  then  happen  to  be  abroad : 
its  duration,  by  report,  less  than  half  a  minute.  It  seems 
fturprising  that  it  was  seen  in  most  parts  of  England,  and  at 
or  near  the  same  time ;  which  argues,  that  either  it  was 
higher  than  the  observers  imagined,  or  else  that  it  had  a  very 
swifl  motion. 


On  the  Motion  of  Light.  By  M.  Bomer.  —  [1677.]  " 
Philosophers  have  been  endeavouring  for  many  years  to 
decide,  by  some  experiment,  whether  the  action  of  light  be 
conveyed  in  an  instant  to  distant  places,  or  whether  it  re- 
quires time.  M.  Romer  of  the  Royal  Academy  of  Sciences 
has  devised  a  way  for  this  purpose,  taken  from  the  observ- 
ations of  the  first  satellite  of  Jupiter,  by  which  he  demon- 
strates, that  for  the  distance  of  about  3000  leagues,  which  is 
nearly  equal  to  the  diameter  of  the  earth,  light  needs  not  one 
second  ^  time. 
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The  neceBsity  of  this  new  equadooi  of  the  retardment  of 
light  is  established  by  all  the  observations  that  have  been 
made  in  the  Royal  Academy,  and  in  the  Observatory  tor  the 
space  of  eight  years ;  and  it  has  been  lately  confirmed  by  the 
emersion  of  the  first  satellite  observed  at  Paris,  the  9th  of 
November  last,  at  5  o'clock,  35"*  45^  at  night,  10  minutes 
later  than  it  was  to  be  expected,  by  deducing  it  from  those 
that  had  been  observed  in  the  month  of  August,  when  the  earth 
was  much  nearer  to  Jupiter :  which  M.  Romer  had  predicted 
to  the  said  Academy  from  the  beginning  of  September. 


Mt*  Lmuwenb&jbk   concerning   the   Corneous   Fibres   cf  a 

Mnsckf  and  the  Cortical  and  Medullary  Part  of  the  Brain. 

—  [1667.] 

1  TOOK  the  fiesh  of  a  cow ;  which  I  cut  asunder  with  a  sharp 
knife,  and  using  a  microscope  I  severed  before  my  eyes  the 
membrane  from  it ;  by  which  I  plainly  saw  that  fine  membrane 
or  film,  in  which  these  cameous  fibres  lie  iaterwoven.  Ob- 
serving these  membranes  more  narrowly,  I  saw  that  they 
wholly  and  only  consist  of  small  threaas  running  through 
each  other ;  of  which  some  appeared  to  be  10,  20,  and  even  50 
times  thinner  than  a  hair.  Having  taken  off  these  mem- 
branes from  the  catneous  filaments,  I  saw  very  clearly  these 
cameous  threads,  which  in  this  piece  of  flesh  were  as  uiick  as 
a  hair  on  the  hand.  Where  they  lay  rather  thick  on  each 
other,  they  appeared  red  ;  but  the  thinner  they  were  spread 
the  clearer  they  showed. 

I  have  used  several  methods  of  viewing  the  particles  of 
these  cameous  filaments,  and  have  always  found  that  they  are 
composed  of  globular  parts.  I  have  fuso  divided  before  my 
eye,  into  many  small  parts,  very  small  pieces  of  these  cameous 
flaments,  which  pieces  were  several  times  smaller  than  a 
grain  of  sand ;  and  I  have  observed,  besides,  that,  when  the 
fiesh  is  fresh  and  moist,  and  its  globules  are  pressed  or  mbbed, 
they  dissolve  and  run  together,  in  appearance  like  an  oily  or 
thidc  waterish  matter;  which  globules  appeared  so  small^ 
that  1,000,000  of  them  would  not  make  one  grain  of  gravel 
sand.  The  general  figure  of  these  globules  were  roundish, 
but  a  little  compressed,  like  a  multitude  of  very  small  blown 
bladders,  lying  on  a  heap. 

I  have  examined,  also,  that  membrane  of  tlie  brain,  which  is 
called  pia  mater,  and  found  that  it  is  permeated  by  very  many 
small  veins,  besides  those  which  with  the  naked  eye  we  see 
on  the  brain^  especially  having  first  separated  the  thin  mem- 
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brane  from  the  brain,  under  which  I  have  seen  small  veins  of 
an  admirable  and  incredible  fineness,  and  as  far  as  I  was  able 
to  discern  they  consist  of  exceedingly  thin  filaments.  I 
have  further  observed,  that  the  said  veins  which  thus  run 
through  the  thin  membrane  disseminate  their  ramifications 
through  the  brain,  afler  the  manner  as  vines  lying  upon  the 
earth  shoot  roots  into  the  ground ;  imagining  the  brain  to  be 
like  the  earth,  and  the  veins  like  the  roots  in  it. 

Proceeding  to  the  parts  of  the  brain  itself,  I  must  still  say 
of  them  that  they  consist  of  no  other  parts  but  globules ;  but 
where  the  brain  lay  spread  very  thin,  cut  throi^h  with  a  knife, 
as  if  they  had  been  separated  from  each  other,  there  they 
appeared  like  a  very  clear  matter  resembling  oil.  Continuing 
my  observations,  not  only  of  the  brains  of  beasts  but  also  of 
fishes,  and  particularly  of  a  cod-fish,  and  representing  it  very 
plainly  to  my  eye,  I  saw  that  the  said  oleaginous  matter  had 
|iot  been  caused  by  the  knife,  but  was  a  matter  by  itsell^ 
wherein  the  aforesaid  globules  lay. 

'  Among  the  said  globules,  of  which  the  brain  partly  consist*, 
I  have  seen  blood  globules,  which  may  plainly  be  discerned 
from  the  brain-globules,  especially  by  the  perfect  roundness 
which  the  blood  globules  had.  These  blood  globules  I 
imagined  came  out  of  the  sanguineous  vessels  which  run 
through  the  brain,  and  had  been  cut  in  pieces  by  the  knife. 

I  have  also  observed  the  spinal  marrow  of  a  calf,  pulle.t» 
sJieep,  and  cod-fish ;  which  I  have  found  to  consist  of  no 
other  parts  than  those  of  the  brain  ;  yet  with  this  difference, 
that  besides  the  globules  in  the  brain,  there  lay  in  the  spinal 
marrow  a  great  number  of  shining  oleaginous  globules  of 
divers  sizes,  some  of  them  50  times  larger  than  others ;  and 
those  also  very  soft  and  fluid.  These  spinal  marrows  were 
also  fumishea  with  exceedingly  thin  and  manifold  small 
veins  or  vessels ;  and  besides  these  very  small  veins,  there 
ran  up  and  down  along  these  spinal  marrows  brown  filaments, 
thinner  than  the  hair  of  the  head.  I  perceived  that  each 
filament  was  not  one  single  vessel  by  itself,  but  that  each  of 
them  consisted  of  divers  very  small  threads  or  vessels,  lying 
by  each  other,  between  which  threads  there  lay  very  clear 
vessels  of  the  fineness  of  a  single  silk-worm  thread. 


The  Manner  of  hatching  Chkkens  at  Cairo.    By  Mr.  Jqhj¥ 
Graves, —  [1677.] 
The  people  begin  in  tlie  middle  of  January  to  heat  the 
ovens,  employing  every  morning   100  kintars,  or  pounds* 
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weight  of  cameVs,  or  of  buffalo's  dung,  and  the  like  quantity 
at  night,  till  the  middle  of  February.  About  which  time  the 
ovens  are  so  hot,  that  a  person  can  hardly  endure  to  lay  his 
hand  on  the  walls.  Afler  this,  they  put  the  eggs  into  the 
ovens,  to  hatch  the  chickens,  which  they  continue  succes- 
sively till  the  end  of  May. 

The  eggs  are  first  put  upon  mats  in  the  lower  ovens 
which  are  on  die  ground ;  7000  or  8000  eggs  in  number,  and 
laid  only  double,  one  upon  another.  In  the  ovens  above 
these  lower,  the  fire  is  made  in  long  hearths  or  little  channels, 
having  some  depth  to  receive  the  fire,  firom  whence  the  heat 
is  conveyed  into  the  lower  ovens  before  mentioned.  The 
eggs  which  are  directly  under  these  hearths,  lie  treble  one 
upon  another ;  the  rest,  as  was  said,  only  double.  At  night 
when  they  renew  the  fkes  in  the  hearths  above  mentioned, 
they  then  remove  the  eggs  that  were  directly  undermost^ 
lying  treble  one  upon  another,  in  the  place  of  those  which 
lay  on  the  sides  only  double,  and  these  being  now  removed, 
they  lay  treble  under  the  hearth,  because  the  heat  is  there 
greater  than  on  the  sides  where  the  eggs  are  only  double. 
.These  eggs  continue  in  the  lower  ovens  fourteen  days  and 
nights ;  afterwards  they  remove  them  into  the  upper  ovens, 
which  are  just  over  the  lower.  In  these,  there  being  now  no 
more  fire  used,  they  turn  all  the  eggs  four  times  every  day  or 
twenty-four  hours.  The  fire  in  the  upper  ovens,  when  the  eggs 
Are  placed  in  the  lower,  is  thus  proportioned :  The  first  day,  the 
greatest  fire.  The  second,  less  than  the  first.  The  third, 
less  agam.  The  fourth,  more  than  the  third.  The  fifth,  less. 
The  sixth>  more  than  the  fifth.  The  seventh,  less.  The 
eighth,  more.  The  ninth,  without  fire.  Tlie  tenth,  a  little 
fire  in  the  morning.  The  eleventh,  they  shut  all  the  holes 
with  flax,  &c.  makmg  no  more  fire ;  for  if  they  should,  the 
eggs  would  break.  They  take  care,  that  the  eggs  be  no 
hotter  than  the  eye  of  a  man,  when  they  are  laid  upon  it,  can 
weU  endure.  The  twenty-first  or  twenty-second  day  the 
chickens  are  hatched^  which  the  fiirst  day  eat  not ;  the  second 
Uiey  are  fetched  away  by  women,  who  give  them  corn,  &c. 

When  the  chickens  are  hatched  they  put  them  into  the 
lower  ovens,  which  are  covered  with  mats.  Under  the  mats 
is  bran,  to  dry  the  chickens ;  and  upon  the  mats  straw^  for 
the  chickens  to  stand  on. 

The  master  of  the  ovens  has  a  third  part  of  the  eggs  for 
his  cost  and  pains,  out  of  which  he  is  to  make  good  unto  the 
owners,  who  have  two  thirds  in  chickens  for  their  eggs,  such 
as  may  happen  to  be  spoiled  or  miscarry. 
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Account  of  the   Tin  Mines  in  ComwalL    By  Dr,  Chris- 
topher Merret, — [1678.] 

The  stones,  from  which  tm  is  wrought,  are  sometimes 
found  a  foot  or  two  below  the  surface  of  the  earth,  but  most 
usually  between  two  walls  or  rocks,  and  are  conmionly  of  an 
iron  colour,  of  little  or  no  affinity  with  the'  tin,  and  lying  in  a 
vein  or  load  between  four  and  eighteen  inches  broad.  Some- 
times there  is  a  rich  and  fat  metal ;  sometimes  hungry  and 
starved ;  sometimes  nothing  but  a  drossy  substance,  neither 
purely  earth,  nor  stone,  nor  metal ;  but  a  little  resembling 
the  rejected  cinders  of  a  smith's  forge ;  and  where  this  is 
fbund  the  miners  judge  the  metal  to  be  ripe. 

The  mts  are  40,  50,  or  sometime;  60  fathoms  deep  and 
more.  The  load  being  very  rich  and  good,  above  that  is 
about  10  fathoms  from  the  grass  ;  and  below  that  there  is  a 
large  cavity,  containing  nothing  but  air,  for  many  fathoms 
deep.  This  cavity  lies  between  hard  stony  walls,  about  six 
or  nine  inches  asunder. 

Tin  is  usually  incorporated  with  the  stone,  or  is  found  in  it. 
They  break  every  individual  stone ;  and  if  there  be  any  black- 
ness in  the  stones,  of  this  black  stu£P  the  tin  is  produced. 
Sometimes  it  is  as  it  were  mixed  with  a  small  gravelly  earth ; 
sometimes  white,  but  for  the  most  part  red.  From  this  earth 
it  is  easily  separated  by  bare  washing ;  but  from  the  stone 
not  without  much  stamping.  This  gravelly  tin  they  dis- 
tinguish from  that  which  is  gathered  from  the  stones,  calling 
it  pryan  tin,  and  is  but  about  half  the  richness  of  the  other. 
They  have  another  sort  of  ore,  called  mundic  ore.  Being 
mixed  together,  the  mundic  may  be  easily  known  by  its 
glittering,  yet  deep  brownness.  The  mundic  is  said  to 
nourish  the  tin ;  and  yet  they  say  where  much  mundic  is 
found  there  is  little  or  no  tin ;  and  where  there  is  little  or 
none  of  that,  much  and  good  tin  is  found*  Certain  it  is,  if 
there  be  any  mundic  lefl  in  melting  the  tin,  it  does  it  much 
prejudice,  making  it  less  ductile.  For  tin  without  it  will 
easily  bend  any  way ;  but  mixed  with  it,  becomes  very  brittle, 
and  will  crack  and  break. 

This  mundic  seems  to  be  a  kind  of  sulphur.  Fire  only 
separates  it  from  the  tin,  and  evaporates  it  into  smoke. 
Little  sprigs  or  boughs  being  set  in  the  chimney,  the  smoke 
gathers  upon  them  into  a  substance,  which  they  call  poison, 
and  think  it  is  a  kind  of  arsenic ;  which  being  put  into  water, 
easily  dissolves,  and  produces  ver^  good  vitriol.  The  water 
in  which  it  is  dissolved  soon  changes  small  iron  rods  put  into 
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it..  When  they  buiru  it  to  sepairatte  \%  from  the  tin,  it  aends 
forth  a  very  loathsome  and  dimgerous  stench. 

Besides  the  fore-mentioned  stones,  &c.  found  in  tin  mines, 
and  incorporated  with  the  tin ;  there  occurs  a  spar,  mixed 
also  with  this  metal,  as  it  is  commonly  with  lead  and  copper. 
This  appears  frequently  of  a  shiny  whitish  substance ;  and 
casts  a  white  froth  on  the  water  in  washing  it.  When  first 
taken  out  of  the  earth  it  is  soft  and  fattish,  but  soon  ai^er 
grows  somewhat  hard.     The  miners  call  it  white  spar. 

The  Cornish  diamonds,  so  called,  lie  intermixed  with  the 
ore,  and  sometimes  on  heaps :  some  of  them  large  enough  to 
have  a  coat  of  arms  ^igraven  on  them ;  and  are  hard  enough 
to  cut  glass.  Some  of  them  are  of  a  transparent  red,  and 
have  the  lustre  of  a  deep  ruby.  These  diamonds  seem  to 
me  to  be  b\it  a  finer,  purer,  and  harder  sort  of  spar ;  for  they 
are  both  found  together,  as  on  St.  Vincent's  rocks  near 
Bristol. 

The  workii^  of  the  ore  is  per£>rmed  in  this  manner :  The 
stones,  first  prerioasly  beaten,  are  brought  to  the  stamping- 
mill.  They  are  so  disposed,  as  that  by  degrees  tjt^y  are 
washed  into  a  latten-box  with  holes,  into  which  the  stampers 
fall :  by  which  means  they  are  beaten  pretty  sm^l,  and  by 
the  water  contmually  passing  through  the  box,  the  ore  through 
its  weight,  falls  close  by  the  mill,  and  the  parts  not  metalline, 
which  they  call  causalty,  are  washed  away  by  the  water ; 
and  thus  the  first  separation  is  made.  They  then  take  that 
which  falls  close  by  the  mill,  and  so  dispose  it  in  the  said 
mill,  that  the  water  may  once  more  drive  it,  to  make  a  better 
separation  of  the  causalty.  Next  they  dry  it  in  a  furnace  on 
iron  plates,  and  then  grind  it  very  fine  in  a  crazing^mill,  with 
stones  common  in  the  hills  of  that  coimtry.  After  this  they 
rewash  it  as  before,  and  then  dry  it  a  little,  and  so  carry  it 
to  the  furnace,  called  a  blowing-hou8€^  and  there  melt  and 
cast  it^ 


OfJRed  Snow  seen  at  Genoa.  By  !Sig,  Sabotti. —  [1678.] 
Qv  St,  Joseph's  day,  on  the  mountains  called  Le  Langhe, 
there  fell  on  the  white  snow,  tliat  lay  there  before,  a  great 
quantity  of  red,  or  if  you  please,  of  bloody  snow.  From  which, 
being  squeezed,  there  came  a  water  of  the  same  colour. 
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OhgerwMihnsin  Congo.  Bj^  Michael  AnoblodeGuattini. -*- 
[16780 
In  the  kingdom  of  Congo  there  are  serpents  25  feet  long, 
which  will  swallow  at  once  a  whole  sheep.  The  manner  of 
taking  them  is  thus  :  when  they  lie  to  digest  what  they  have 
eaten,  they  stretch  themselves  out  in  the  sun,  which  the 
blacks  seeing  kill  them.  And  having  cut  off  their  head  and 
tail,  and  embowelled  them,  they  eat  them ;  and  usually  find 
them  as  fet  as  hogs.  There  are  here  a  great  number  of  ants, 
and  so  large,  that  the  author  reports  that  being  one  day  sick 
in  his  bed  he  was  forced  to  order  himself  to  be  carried  out  of 
his  room  for  fear  of  being,  devoured  by  them.  As  it  often 
happens  to  those  of  Angola,  where  may  be  seen  in  the  morn- 
ing the  skeletons  of  cows  devoured  by  these  animals  in  one 
night. 


On  the  Structure  of  TeM  and  other  Bones,  also  of  Hair.  By 
Mr.  Antony  Leuwbnhoek.  —  [1678.] 

Haying  some  time  since  applied  a  glass,  esteemed  a  good 
one,  to  observe  the  structure  of  the  teeth  and  other  boneS; 
they  then  seemed  to  consist  of  globules.  But  since  then, 
having  drawn  out  one  of  my  teeth,  and  for  further  observation 
applied  better  glasses  than  the  former,  it  has  plainly  appeared 
that  the  whole  tooth  was  made  up  of  very  small,  straight,  and 
transparent  pipes.  600  or  700  of  these  pipes  put  together 
exceed  not  the  thickness  of  one  hair  of  a  man's  beard.  In 
the  teeth  of  a  cow,  the  same  pipes  appear  somewhat  larger, 
and  in  those  of  a  haddock  somewhat  less.  I  have  also  ob- 
served part  of  the  shin-bone  of  a  calf,  six  or  eight  weeks  old, 
^  in  which  the  pipes  are  less  straight  than  in  a  tooth ;  and 
sometimes  there  seemed  to  be  several  lesser  pipes  joining 
together,  so  as  to  constitute  a  larger  one. 

The  grain  of  ivory  appears  like  the  fibres  or  threads  of  tX 
muscle,  running  in  parcels,  decussatim,  and  under  and  over 
each  other  reciprocally,  and  so  making  up  one  piece  of 
platted  work. 

I  have  formerly,  also,  with  others,  examined  the  structure  of 
hair ;  and  we  agreed  that  it  consisted  wholly  of  globules* 
But  not  being  satisfied  without  further  enquiry,  I  took  the 
hair  of  my  beaird  after  it  had  been  shaved  the  first,  second^ 
third,  and  fourth  days,  and  observed,  that  the  lit*tle  particles 
which  we  saw  through  the  common  microscopes,  which  yet 
were  very  good,  and  which  appeared  round,  were  indeed 
irregular,  and  lay  very  closely  pressed  one  upoja  another.     Of 
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:ihese  particles  consist  the  outer  p^drts  or  cuticle  of  the  hau*. 
One  of  these  hairs  I  met  with,  which  seemed  rare,  heing  on  the 
one  side  convex,  on  the  other  somewhat  concave,  and  looking 
like  two  hairs  continuous  or  growing  together.  I  examined 
the  roots  of  several  hairs  plucked  out  of  my  hand,  nostrils, 
eye^lid,  eye-brow,  &c,  and  clearly  saw  that  the  whole  root, 
except  the  cuticle,  consisted  of  little  strings,  which  I  suppose 
to  be  veins  or  vessels,  appearing  like  a  common  tree  with  all 
its  roots. 

Account  of  the  Salt  Springs  and  SaU-making  at  DroUwioL 
By  Dr.  Thomas  Rastell —  [1678.] 

The  depth  of  the  springs  is  various  :  some  rise  on  the  top 
of  the  ground  which  are  not  so  salt  as  others :  those  that  are 
in  the  pits  we  make  use  of  are  various  also.  The  great  pit, 
which  is  called  Upwich  pit,  is  SO  feet  deep,  in  which  are 
three  distinct  springs  rising  in  the  bottom.  The  pit  is  about 
10  feet  square  ;  the  sides  are  made  witii  square  elms,  jointed 
in  at  the  full  length,  which  I  suppose  is  occasioned  by  the 
saltness  of  the  ground,  which  appears  to  me  to  have  been  a 
bog ;  the  surface  of  it  is  made  of  ashes. 

In  the  great  pit  at  Upwich,  we  have  at  once  three  sorts  of 
brine,  which  we  calhby  the  names  of  first-man,  middle-man, 
and  last-man  ;  these  sorts  being  of  different  strengths.  The 
brine  is  drawn  by  a  pump  ;  that  which  is  in  the  bottom  is 
first  pumped  out,  which  is  that  we  call  first-man,  &c.  A 
quart  measure  of  this  brine  weighs  29  oimces  troy,  but  of 
distilled  water  only  24  ounces.  This  brine  yields  above  a 
fourth  part  salt ;  so  that  four  tuns  of  brine  make  above  one  tun 
of  salt.  The  two  other  sorts  less,  or  28  ounces.  And  the  pit 
yields  450  bushels  of  salt  per  day.  In  the  best  pit  at  Nether •» 
wich,  a  quart  of  brine  weighs  28  ounces  and  a  half;  this  pit 
is  18  feet  deep,  and  four  feet  broad,  and  yields  as  much 
brine  every  24  hours  as  makes  about  40  bushels  of  salt^ 
The.worst  pit  at  Netherwich  is  of  the  same  breadth  and 
depth  as  the  former;  a  quart  of  brine  Out  of  which  weighs 
27  ounces,  and  yields  as  much  brine  daily  as  makes  about 
30  bushels  of  salt. 

'  The  vats  we  boil  the  brine  in  are  made  of  lead,  cast  into  a 
fiat  plate,  five  feetand  a  half  long,  and  three  feet  over ;  then  the 
sides  and  ends  beaten  up,  and  a  little  raised  in  the  middle,  which 
are  set  upon  brick-work,  called  ovens,  in  which  is  a  gf ate  to 
make  the  fire  on,  and  an  ash-hole  which  we  call  a  trunk.  In 
some  seals  are  six  of  these  pans,  in  some  five,  some  four,  some 
three,  some  two.    In  each  of  these  pans  is  boiled  at  a  time  as 
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much  brine  agtaakes  three  pecks  of  white  ialt.  Forclarifyiog 
the  salt  we  should  have  little  need,  were  it  not  for  dust  aoci^ 
dentally  falling  into  the  brine.  The  brine  of  itself  being  so  clear 
that  nothing  can  be  clearer.  For  darifymg  it  we  use  nothing 
but  the  whites  of  eggs ;  of  which  we  take  a  quarter  of  a  whitej 
and  put  it  into  a  gafion  or  two  of  brine,  which  being  beaten 
with  the  hand,  lathers  as  if  it  were  soap>  a  small  quantity  of 
which  froth  put  into  each  vat,  raises  aU  the  scum,  the  white 
of  one  egg  clarifying  20  bushels  of  salt ;  by  which  means  our 
salt  is  as  white  as  any  thing  can  be ;  neither  has  it  any  ill 
savour,  as  that  salt  has  that  is  clarified  with  blood.  For 
granulating  it  we  use  nothing  at  all ;  for  the  brine  is  so 
strong  of  itself,  that  unless  it  be  often  stirred,  it  will  make 
salt  as  large  grained  as  bay-salt.  I  have  boiled  brine  to  a 
candy  height,  and  it  has  produced  clods  of  salt  as  clear  as 
the  clearest  alum,  like  Isle  of  May  salt ;  so  that  we  are  ne- 
cessitated to  put  a  small  quantity  of  rosin  into  the  brine,  to 
make  the  gram  of  the  salt  small. 

Besides  the  white  salt  above  spoken  of,  we  have  another 
sort,  called  clod-salt,  which  adheres  to  the  bottoms  of  the 
vats,  and  which  after  the  white  salt  is  laded  out,  is  digged  up 
with  a  steel  picker.  This  is  the  strongest  salt  I  have  seen, 
and  is  most  used  for  salting  bacon  and  neats*  tongues ;  it 
makes  the  bacon  redder  than  other  salt,  and  makes  the  fat 
eat  firm  :  if  the  swine  are  fed  with  mast,  it  hardens  the  fat 
almost  as  much  as  if  fed  with  pease,  and  salted  with  white 
salt.  It  is  very  much  used  by  country-women,  to  put  into 
their  runnet-pots,  esteeming  it  better  for  their  cheese* 
These  clods  are  used  to  broil  meat  with,  being  laid  on  coals ; 
but  we  account  it  too  strong  to  salt  beef  with,  as  it  takes 
away  too  much  of  its  sweetness.  There  is  a  third  sort  of 
salt,  called  knockings,  which  candies  on  the  stales  of  the 
barrow,  as  the  brine  runs  from  the  salt  after  it  is  laded  out 
of  the  vats :  this  salt  is  most  used  for  the  same  purposes  as 
the  clod  salt,  though  it  is  not  altogetlier  so  strong.  There  is 
also  a  fourth  sort,  called  scrapings,  being  a  coarse  sort  of  salt 
that  is  mixed  with  dross  and  dust,  that  cleaves  to  the  tops  of 
the  sides .  of  the  vats  ;  this  salt  is  scraped  off  the  vats  when 
we  reach  them,  that  is,  when  we  take  the  vats  off  the  fires  to 
beat  up  the  bottom;  and  is  bought  by  the  poor  sort  of 
people  to  salt  meat  with.  A  fifth  sort  is  pigeon  salt ;  which 
Is  nothing  but  the  brine  nmning  out  through  the  crack  of 
a  vat,  and  hardens  to  a  dod  on  the  outside  over  the  fire. 
Lastly,  the  salt  loaves  are  the  finest  of  the  white  salt,  the 
grain  of  which  is  made  something  finer  than  ordinary,  that  it 
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soaY  the  better  adhere  together,  vhich  is  done  bj  adding  a 
litue  more  rosm,  and  is  ^ten  into  the  barrows  when  it  is 
laded  out  of  the  vat. 

Our  sah;  is  not  so  apt  to  dissolre  as  Cheshire  salt,  nor  as 
that  salt  that  is  made  by  dissolving  bay<4alt  and  clarifying  it, 
which  is  called  salt  upon  salt,  as  appears  bj  our  long  keeping 
it  without  any  fire. 


Letter  cf  Mr.  Leuwenhoxk^  coniaimng  an  Accauni  of  the 
vati  Numbers  of  AmmaJU  in  Melts  of  Fish.  *-  [1681.] 

Viewing  die  melt  of  a  live  cod-fish,  I  found  the  juices 
whidi  ran  from  it  full  of  small  live  animals,  incessantly 
moving  to  and  fro.  I  have  idso  viewed  the  melt  of  pikes  or 
jacks,  and  found  an  incredible  number  of  small  animals  and 
I  judpe  that  there  were  at  least  10,000  of  these  creatores  in 
the  size  of  a  small  sand.  These  were  smaller  than  those  I 
observed  in  beasts,  but  their  tails  longer  and  thinner. 

How  vast  and  almost  incredible  the  number  of  these  crea- 
tores is,  you  may  somewhat  the  better  conceive  by  the  cal* 
dilation  which  I  have  hereunto  annexed.  I  h^ve  formerly 
said  that  in  a  quantity  of  the  juice  of  the  melt  of  a  male 
cod-fish,  of  the  size  of  a  small  sand,  there  are  contained  more 
than  10,000  small  living  creatures  with  long  tails ;  and  coa- 
sidering  how  many  sudi  quantities,  viz.  of  rae  size  of  a  sand, 
mi^t  be  contained  in  the  whole  meh,  I  was  of  opinion,  that 
the  melt  of  one  single  cod-fish  contained  more  living  animals 
than  there  were  living  m&k  at  one  time  upon  the  fiice  of  the 
earth./ 


An  Account  rf  Oke^-holey  and  several  o^ker  Subterraneous 

Grottos   and  Caverns   in  Mendip-hiUs.    By  Mr.  Jauy 

Beaumont,  Jun.^^  [1681.] 

Ok  the  south  side  of  Mendip-hills,  witihin  a  mile  of  Wells, 
is  a  fimaous  grotto,  known  by  the  name  of  CHcey-hole,  much 
resorted  to  by  travellers.  , 

At  first  entering  this  vault,  vou  go  iixp&a  a  level;  but 
advancing  farther  into  it,  you  find  the  way  rocky  and  uneven, 
sometimes  ascending  and  sometimes  descending.  The  roof 
in  the  highest  pert  is  about  eight  fathoms  from  the  floor,  aiid 
in  some  places  it  is  so  low  that  a  man  must  stoop  to  pass 
through.  Its  width  is  also  various ;  in  some  parts  it  is  about 
five  or  six  &thoms,  in  others  not  above  one  or  two ;  it  extends 
itself  in  length  about  200  yards.  ^         . 
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At  the  &ither  part  of  this  cavern  there  rises  a  good  stream 
of  water,  large  enough  to  drive  a  mill,  #hich  passeis  all  along 
one  side  of  the  cavern,  and  at  length  slides  down  about  six  or 
eight  fathoms  between  the  rocks,  and  then  pressii^through 
the  clefts  of  them,  discharges  itself  into  a  valley.  This  river 
within  die  cavern  is  well  stored  with  eels,  and  has  some 
trouts  in  it,  which  must  of  necessity  have  been  engendered 
there,  and  not  come  from  without,  there  being  so  great  a  fidl 
near  the  entrance.  In  a  dry  summer  I  have  seen  a  number 
(^  frogs  all  along  the  cavern,  to  the  farthest  part  of  it,  and 
other  little  animals  in  some  small  cisterns  of  water  there. 
Before  arriving  at  the  middle  of  this  vault,  you  find  a  bed  of 
very  fine  sand,  which  is  much  used  by  artists  to  cast  metals 
in.  On  the  roof,  at  certain  places,  hang  multitudes  of  bats, 
as  usual  in  all  caverns  whose  entrance  Is  upon  a  level,  or 
somewhat  ascending  or  descending. 

The  next  cavern  of  note  lies  about  five  miles  from  this,  on 
the  south-west  part  of  Mendip-hills,  near  a  place  called  Ched- 
der,  famous  for  cheese ;  from  this  place  you  may  pass  up  a 
narrow  valley  about  a  mile  in  length,  being  bounded  with 
precipitous  rocks  on  the  east  and  west,  some  of  a  very  con- 
siderable height.  To  enter  into  this  cavern,  before  you  readi 
halfway  this  valley,  you  must  ascend  about  15  fathoms  on 
those  rocks  which  bound  it  to  the  east.  This  cavern  is  not 
of  so  large  extent  as  the  former,  neither  has  it  any  thing  pe- 
culiar in  it.  These  two  caverns  have  no  communication 
with  the  mines. 

It  is  generally  observed,  that  wherever  mines  o£  lead-ore 
are,  there  caverns  of  various  kinds  and  situations  are  found. 
The  most  considerable  in  Mendip-hills  is  a  cavern  in  a  hill 
called  Lamb.  First  a  perpendicular  shaft  descends  about 
10  fathoms,  then  you  come  into  a  leading  vault,  which  ex- 
tends itself  in  length  about  40 fathoms;  it  runs  not  6n  a 
level,  but  descendi^,  so  that  when  you  come  to  the  end  of 
it  you  are  23  fathoms  deep  by  a  perpendicular  line :  tiie  floor 
of  it  is  full  of  loose  rocks :  its  roof  is  firmly  vaulted  with 
lime-stone  rocks,  having  flowers  of  all  colours  hanging  from 
them,  which  present  a  most  beautiful  object  to  the  eye, 
being  always  kept  moist  by  the  distilling  waters.  In  some 
parts  the  roof  is  about  five  fathoms  in  height,  in  others  so 
low  that  a  roan  has  much  ado  to  pass  by  creeping ;  the 
width  is  mostly  about  three  fathoms.  This  cavern  crosses 
many  veins  of  ore.  About  its  middle,  on  Uie  east  side,  lies 
a  narrow  passage  into  another  cavern,  which  runs  between 
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40  and  50  fkthoms  in  length.    At  the  end  of  the  first  cavern 
diere  opens  another  large  one. 

I  have  been  in  many  odier  caverns  upon  Mendip-hlUs. 
The  frequency  of  caverns  on  those  hills  may  be  easily  guessed 
at,  by  the  frequency  of  swallow-pits,  which  occur  there  in  all 
parts,  and  are  made  by  the  falling  in  of  the  roofs  of  caverns ; 
some  of  these  pits  being  of  a  large  extent,  and  very  deep ; 
and  sometimes  our  miners,  sinking  in  the  bottom  of  these 
swallows,  have  found  oaks  15  fathoms  deep  in  the  earth. 


An  Account  of  several  curums  Discoveries  about  the  Internal 
Tescture  of  the  Flesh  of  Muscles^  of  strange  Motions  in  the 
Fins^  and  the  Manner  of  the  Production  cf  the  Shells  qf 
Oysters,  S^c.    By  M*  Leuwenboek. — [1682,] 
Formerly-  I  have  stated,  that  musculous  flesh,  viewed 
with  an  ordinary  microscope,  I  conceived  them  to  be  com- 
posed of  globules,  I  now  find  that  they  are  not  globules  but 
rjmples.    For  on  examining  beef  muscles,  I  found  them  to 
be  made  up  of  small  strings  lying  close  joined  together  one 
by  another ;  which  were  so  small  that  50  of  them,  laid  one 
by  another,  would  not  make  the  breadth  of  the  22d  part  of 
an  inch,  and  if  supposed  a  20th,  leaving  two  for  the  thidoaiess 
of  the  membrane  that  inclose  them,  there  will  be  found  1000 
of  such  strings  lying  one  by  another  to  make  the  breadth  of 
an  incby  and  consequently  1,000,000  of  them  in  a  square  inchi 
In  some  of  my  late  observations  I  took  notice,  that  about 
100  of  these  muscular  strings  lying  by  each  other  were 
wrapped  round;  and  enclosed  with  a  membrane,  which  made 
a  muscular  chord.    At  another  time  I  observed  in  the  mus- 
cles of  an  ox's  tongue  three  such  muscular  chords,  each  en* 
wrapped  with  its  distinct  membrane,  whose  ends  when  cut 
across  would  be  covered  by  a  sand  no  larger  than  the  100th 
part  of  ai^  inch ;  whence  we  may  conceive  there  may  be 
about  5000  of  such  muscular  chords  in  a  square  inch. 

I  took  the  season  when  oysters  came  to  us  in  a  short  time 
from  England,  and  observed,  with  admiration,  what  an  extra- 
ordinary motion  the  beard  of  the  oyster  ma^e ;  and  although 
I  took  some  very  minute  parts  of  it,  many  of  which  would 
not  together  maKe  out  the  size  of  a  sand,  yet  these  parts,  so 
broken,  had  such  a  motion  -  as  was  inconceivable ;  for  I  ima- 
gined that  such  a  small  part  represented  to  me  a  shrimp  with 
its  continual  moving  pattens,  and  others  like  a  lobster.  And 
one  might  have  sworn  that  it  was  no  part  of  the  beard  of  the 
oyster,  but  an  animal  of  itself,  notwithstanding  the  contrary 
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Appeared ;  for  such  a  part  of  the  beard  made  nd  progreMite 
motion,  and  remained  m  its  motion  lying  in  one  place  so  Iodr 
time,  that  when  my  sight  failed  me  with  looking,  I  was  forced 
to  leave  it ;  and  besides  the  fibres,  which  in  so  small  a  part 
seemed  pattens  or  paws,  had  the  same  motion  with  the  parts 
of  the  whole  beard* 

I  observed  the  shell  of  an  oyster,  and  found  it  all  made  up 
of  plates  laid  in  great  numbers  one  over  another,  alwajrs 
larger  and  larger ;  so  that  the  increase  of  the  ouster  shell  is 
caused  by  the  addition  of  a  new  lamen  or  plate  m  the  shell ; 
which  last  new  made  plate  exceeds  the  rest  in  magnitude. 
These  laminae  seem  to  be  made  up  of  small  pipes,  which  are 
much  interwoven.  But  that  which  gave  me  most  satisfaction 
was,  that  when  each  of  these  laminae  was  arrived  at  its  full 
size,  then  from  the  small  pipes  of  the  laminae  were  put  forth 
minute  laminae,  which  are  not  white  like  the  rest,  but  of  a 
brown  colour,  and  constituted  of  globules. 

DescriptUm  of  a  monHraus  Ammal  cast  out  ef  the  Sumaek  bp 
Vomit.    By  Dr.  Lister,  of  York.  —  [1682.] 

The  patient  imagined  he  drank  it  the  last  summer  in  pond* 
water.  This  is  certain,  he  had  about  his  stomach  and  right 
side  a  most  exquisite  and  tormenting  pain,  for  at  least  foiff 
months  last  past,  which  many  times  threw  him  into  horrors 
and  chilness,  ague-like ;  and,  indeed,  when  he  vomited  this 
up,  he  was  the  sickest  man  I  ever  saw  fiot  to  die ;  he  also 
voided  blood  by  stool  several  dajrs,  and  now  I  bdiieve  he  wDI 
recover,  though  his  pains  are  not  wholly  ceased. 

Thi^  animal  was  about  four  inches  long,  and  in  the  thickest 
j^ace  three  inches  about :  it  had  three  fins  of  a  nde,  all  near 
the  head,  and  the  upper  pair  most  exactly  and  elegantly 
figured,  as  is  described ;  all  these  fins  were  thick  amd  fleshy ; 
but  the  forked  tail  was  finny  and  transparent,  and  to  be  ex- 
tended ;  it  was  placed  horizontally,  not  as  that  of  most,  if  not 
all,  small  firii,  and  even  newts  and  tadpoles,  in  which  parti* 
cular  it  differs  from  Uiem  all,  as  well  as  in  the  fleshiness  of 
the  fins. 
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Description  cfPeffirpark  Hole^  in  Ghucegierskire,    Communi- 
caied  by  Sir  Robert  Southwel, —  [1^2.] 

There  -is  a  place  in  Glottcestershire  called  Pen-park, 
.about  thiree  miles  from  Bristol^  and  above  three  from  the 
Severn,  wherein  some  miners  for  lead  discovering  a  largp 
hole  in  the  earth,  one  Captain  Stmrmy,  a  warm  inquisitive 
seaman,  who  has  written  a  large  folio  on  Navigation,  would 
needs  descend,  and  liis  narrative  was  as  follows-:  — 

On  the  2d  of  July,  1669, 1  descended  by  ropes  affixed  at 
the  top  of  an  old  lead-ore  pi^  four  fathoms  almost  perpendi- 
cular, and  from  thence  three  ^thorns  more  obliquely,  between 
two  great  rocks,  where  I  found  the  mouth  of  this  spacious 
V  place,  from  which  a  miner  and  myself  lowered  ourselves  by 
ropes,  25  fathoms  perpendicular,  into  a  very  large  place, 
which  resembled  to  us  the  form  of  a  horse-shoe ;  for  we 
stuck  lighted  candles  all  the  way  we  went,  to  discover  what 
we  could  find  remarkable.  At  length  we  came  to  a  river  or 
great  water,  which  I  found  to  be  20  &thoms  broad,  and  eight 
fathoms  deep»  As  we  were  walking  by  this  river,  32  &thoms 
ander  ground,  we  discovered  a  great  hollowness  in  a  rock, 
some  SO  feet  above  us,  so  that  I  got  a  ladder  down  to  us,  and 
the  miner  went  up  the  ladder  to  that  place,  and  walked  into 
it  about  70  payees,  till  he  just  lost  sight  of  me,  and  from 
thence  chemully  called  to  me,  and  told  me  he  had  found 
what  he  looked  &r,  a  rich  mine. 

Here  are  abundance  of  strange  places,  the  flooring  being  a 
kind  of  a  white  stone,  enamelled  with  lead-ore,  and  th6 
pendant  rocks  were  glazed  with  saltpetre,  which  distilled 
upon  them  from  above,  and  time  had  petrified.  After  some 
hours'  stay  there  we  ascended  without  much  hurt,  except 
scratching  ourselves  by  climbing  the  sharp  rocks.  But  for 
four  days  after  my  return  I  was  troubled  with  a  violent  head- 
ache, which  I  impute  to  my  being  in  that  vault. 

Captain  Sturmy  filing  from  his  head-ache  into  a  fever,  and 
dying ;  what  from  his  death,  and  the  opinion  of  an  evil  spirit, 
nobody  was  willing  to  have  any  more  to  do  with  the  said  hole 
from  tibat  time  to  this. 

But  Captain  Collins,  commander  of  the  Merlin  yacht, 
coming  to  the  Severn,  and  visiting  Sir  Robert  Southwel  near 
Kingroad,  Sir  Robert  told  him  how  the  story  of  this  hole  had 
amused  the  country ;  and  that  the  narrative  had  formerly 
been  sent  to  his  Majesty  and  the  Royal  Society ;  imd  that 
there  wanted  only  some  courage  to  find  out  the  bottom  of  it. 
The  Captain  resolved  to  adventure,  and  on  the  18th  and  19th 
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of  September,  1682,  he  took  several  of  his  men,  with  ropes 
and  tackling  fitting  to  descend,  with  lines  to  measure  any 
length  or  depth,  also  with  candles,  torches,  and  a  speaking- 
trumpet.  What  he  found  does  much  lessen  the  credit  and 
terror  of  this  hole,  as  will  appear  by  the  figure  he  took 
thereof,  and  the  description  following :  — 

It  is  down  the  tunnel  from  the  superficies  to  the  opening  of 
the  cavity  less  than  39  yards.  Then  the  hole  spreading  into 
an  irregular  oblong  figure,  is  in  the  greatest  length  75  yards, 
and  in  the  greatest  breadth  41  yards ;  from  the  highest  part 
of  the  roof  to  the  water  was  then  19  yards ;  the  water  was 
now  in  a  pool,  at  the  north  end,  being  the  deepest  part :  it 
was  in  length  27  yards,  in  breadth  12,  and  only  five  yards 
and  a  half  deep ;  two  rocks  appeared  above  the  water  all 
covered  with  mud,  but  the  water  was  sweet  and  good  ;  there 
was  a  large  circle  of  mud  round  the  pool,  and  far  up  towards 
the  south  end,  which  showed  that  the  water  has  at  other 
times  been  six  yards  higher  than  at  present. 
'  The  tunnel  or  passage  down  was  somewhat  oblique,  very 
ragged  and  rocky ;  in  some  places  it  was  two  yards  wide,  and 
in  some  three  or  four,  but  nothing  observable  therein,  save  here 
and  there  some  of  that  spar  which  usually  attends  the  mines 
of  lead  ore.  In  the  way,  SO  yards  down,  there  runs  in, 
southward,  a  passage  of  29  yards  in  length,  parallel  to  the 
superficies  above ;  it  was  two  or  three  yards  high,  and  com- 
monly, as  broad,  and  alike  rocky  as  the  tunnel,  with  some  ap 
pearances  of  spar,  but  nothing  else  in  it  except  a  few  bats. 
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The  cavi^  below  was  in  like  manner  rocky,  and  very  irre- 
gular :  the  candles  and  torches  burnt  clear,  so  as  to  discover 
the  whole  extent  thereof;  nor  was  the  air  any  thing  offensive. 

The  three  men  that  went  down  the  first  day  staid  below 
two  hours  and  a  half.  The  next  day  the  captain  went  down 
with  seven  or  eight  men,  who  staid  below  for  an  hour,  and 
observed  all  things. 

The  bottom  ofthis  hole,  where  the  land-waters  gather,  is 
59  yards  down  from  the  superficies  of  the  earth,  and  by 
good  calculation  the  same  bottom  is  20  yards  above  the 
highest  rising  of  the  Severn,  and  lies  into  the  land  about  three 
nules  distant  from  it. 

The  profile  of  the  concave  in  Pen-parky  before  dueribed: 
—  a  is  the  superficies  of  the  earth ;  b  the  leacUore  pit ;  c  the 
funnel  or  passage  down  ;  d  the  long  gallery ;  e  the  concave 
or  cell ;  f  the  upper  edge  of  the  mud  ;  g  two  small  rocks 
that  appear  above  the  water ;  h  the  upper  part  of  the  water ; 
i  the  bottom  of  the  water.y 


TkeAnatomy  of  aRatUe-SnoheydisiecUdby  Edward  Tysov. — 
[1683.] 
The  snake  dissected  was  four  feet  five  inches  long ;  the 
girt  of  the  body  in  the  largest  place,  which  was  the  middle, 
was  six  inches  ondahalf;  the  girt  about  the  neck  three 
inches ;  near  the  rattle  two  inches ;  the  head  fiat  on  the  top, 
as  is  the  viper,  and  by  the  protuberance  of  the  maxills  some- 
what representing  the  head  of  a  bearded  arrow;  at  the 
extremity  of  it  were  the  nostrils ;  between  them  and  the  eyes, 
but  somewhat  lower,  were  two  other  orifices,  which  I.  took  for 
the  ears,  but  afterwards  found,  they  only  led  into  a  bone  that 
had  a  pretty  large  cavity,  but  no  perforation.  Vipers  have 
not  these  orifices  in  the  head;  and  Charas  says  they  hear  by 
the  nostrils ;  and  that  to  them  run  not  only  the  olfactory  but 
auditory  nerves  also.  The  eye  was  round,  about  one  fourth  of 
an  inch  in  diameter;  in  colour,  the  make  of  the  pupil,  and  other 
respects,  like  a  viper's,  as  indeed,  except  in  the  rattle,  was  the 
whole  external  i^hape  of  this  animsd.  There  was  a  large 
scale  jetting  over  the  eye,  which  seemed  to  serve  as  a  pal- 
pebra  for  defending  it  from  any  thing  falling  on  it ;  but  I 
could  not  perceive  it  was  capable  of  closing,  although  inwards 
it  seemed  to  have  a  membrana  nictitans,  which  removes'  any 
dust  that  might  adhere  to  the  eye. 

The  scales  on  the  head  were  the  smallest  of  any ;  those  on 
the  back  larger,  and  so  proportionably  greater  to  the  largest 
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part  of  the  body ;  and  so  diminishing  thence  again  to  the 
setting  on  of  the  rattle ;  all  in  figure  somewhat  resembling 
parsnip  see^.  Their  colour  various :  the  scales  on  the  back 
had  an  edged  rising  in  the  middle,  which  was  still  tess  protu- 
berant as  they  grew  nearer  the  sides,  where  they  were  flat. 

The  belly  seemed  flat,  covered  with  long  scales  of  a  yel- 
lowish colour,  speckled  black.  From  the  neck  to  the  anus 
we  nun^red  168 ;  beyond  the  anus  were  two  half  scales  ; 
thence  19  whole  scales  of  a  black  lead  colour  with  yellowish 
edges ;  from  thence  to  the  rattle  six  orders  or  rows  of  smaller 
scales  of  the  same  colour. 

To  the  last  vertebra  of  the  tail  was  fastened  the  rattle ;  ia 
our  sufaject  there  were  but  five,  but  some  others  seemed  to 
be  broken  off.  That  next  the*  tail  was  of  a 
lead-colour,  the  others  of  a  cineritious.  It  is 
well  described  by  Dr.  Grew,  who  say^  "  they 
are  very  hollow,  thin,  hard,  and  dry  bones,  and 
therefore  very  brittle,  almost  like  glass,  and 
very  sonorous.  They  are  all  very  nearly  of  the 
same  bulk,  and  of  ttie  self-same  figure,  most 

like  the  os  sacrum  of  a  man;  lor  althoi^h 
the  last  of  them  only  seems  to  have  a  rigid 
tail,  or  epiphysis  adjoined  to  it,  yet  have  every 
one  of  them  the  like:  so  that  the  tail  of  every 
uppermost  bone  runs  within  two  of  the  bones 
below  it :  by  which  artifice  they  have  not  only 
a  movable  coherence,  but  also  make  a  more 
multiplied  sound,  each  bone  hittmg  against 
two  others  at  the  same  time. 

The  first  figure   exhibits  a   single  rattle, 
which  has  three  joints ;  the  first  and  largest  appears  when 
conjoined  with  others ;  the  two  others  serve  for  the  fastening 
on  the  succeeding  rattle,  and  are  covered  by  them. 
The  second  shows  the  five  rattles  as  joined  together. 


On  Aninud  Power.  By  J.  A.  JBobelli.  —  [1683.] 
Thb  author  first  gives  an  exact  description  of  a  muscle^ 
which  within  its  tendinous  or  nervous  membrane  containt 
several  small  bundles  of  fibres,  which  constitute  an  hexagonal 
square,  or  triangular  prism ;  the  fibres  themselves  in  each 
prism  being  parallel,  and  variously  connected  to  each  other ; 
the  microscopical  appearance  of  a  single  fibre  representing  a 
cylinder,  not  hollow  like  a  reed,  but  full  of  a  spongy  pith  like 
elder.    He  gives  an  account  of  the  several  species  of  mu9cle9» 
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ieom  the  position  of  their  fibres,  and  asserts  liieir  proper 
actioyn  to  be  contraction.  He  oonfiites  the  common  opinion, 
that  nature  with  a  voy  small  force  lifts  up  the  greatest 
weights,  the  contraiy  bem^  demonstrated,  Uiat  the  power 
exceeds  the  weight  of  the  hmbs  that  are  lifted  up  by  it  100 
or  1000  dme6« 

He  gives  us,  likewise,  an  account  of  the  wondciful  structure 
of  the  back-bone,  to  the  cartilages  of  wluoh  he  attributes  a 
greater  force  than  to  all  the  muscles  that  contract  it,  as  is 
evident  from  this  proposition :  that  if  a  porter  carry  on  his 
back  a  weight  of  120Jb.,  the  power  nature  exercises  by  the 
cartilages  of  the  vertebrae,  and  the  musculi  extensores  of  the 
back,  is  equal  to  the  force  pf  25,5851b. ;  that  of  the  muscles 
alone  he  computes  to  be  6404>lb  ;  and  observes,  that  the  re- 
tention of  a  joint  stretched  out  is  not  from  the  tonical  action 
of  antagonist  muscles. 

Hence  he  goes  on  to  deliver  the  various  postures  of  an 
animal,  which  he  does  by  assigning  his  centre  of  gravity  in 
all  his  possible  positions.  As  in  a  man  stretched  out  at 
length,  tiie  centre  is  between  the  nates  and  pubes.  That  a 
man  cannot  well  stand  on  one  heel,  or  tip  of  a  toe,  because 
in  these  cases  the  line  of  direction  falls  without  his  basis,  &c 

That  though  birds  have  two  feet,  yet  they  neither  walk 
nor  stand  the  same  way  as  a  man ;  whidi  depends  on  the 
different  structure  of  their  joints.  For,  1.  they  differ  in  the 
number  of  the  bones.  2.  In  the  form.  3.  In  the  distribution 
and  make  of  their  muscles.    4.  In  the  joints  themselves. 

He  danonstrates  the  manner  how  a  bird  when  sleeping 
sits  firm  on  a  twig,  though  the  muscles  are  then  inactive ; 
namely,  by  a  strong  constriction  of  its  claws,  and,  conse- 
quently, a  firm  comprehension  of  that  twig,  necessarily  and 
mechanically  resulting  fi>om  the  gravity  of  the  bird,  and  the 
shortness  of  the  tendons  of  thoise  muscles  that  contract  the 
daws. 

That  quadrupeds  cannot  stand  in  their  natural  prone 
position  on  one  or  two  feet,  because  the  centre  of  gravity  and 
Its  line  of  propension  cannot  fall  in  either,  or  between  bo^. 

He  shows  ^e  art  of  skating  upon  ice,  as  also  how  progres- 
sion in  quadrupeds  is  performed,  and  likewise  leaping,  in 
which  the  vis  motiva  is  to  the  weight  of  the  body  as  2900  is 
to  one.  That  in  leaping  according  to  a  line  indined  to  the 
horizon,  at  oblique  angfes,  the  line  described  hy  the  centre 
of  gravity  shall  be  a  curve  parabola,  as  being  compounded  of 
the  strai^t  uniform  motion  forward,  and  the  accelerated 
descent  of , the  heavy  body.    Next  he  gives  an  exact  account 
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of  flying,  the  main  stress  of  wliich  is  in  the  largeness  of  the 
muscles  that  move  the  wings,  the  potentia  of  which  exceeds 
die  weight  of  the  bird  10,000  times ;  with  many  more  curious 
particulars  about  their  several  ways  of  flying. 

He  describes  the  action  of  swimming,  and  how  fishes 
change  their  specified  gravity  on  occasion,  by  the  compression 
and  dilatation  of  the  air  contained  in  their  air-bladders,  per- 
formed by  the  many  and  strong  muscles  about  their  bellies. 
He  assigns  the  reason  why  man  does  not  swim  by  instinct  as 
well  as  other  animals,  to  be  chiefly  on  account  or  the  gravity 
of  the  head  so  much  exceeding  the  proportion  of  that  of  the 
rest  of  the  body. 

In  the  second  part  the  author  describes  the  mechanical 
mode,  and  assigns  the  immediate  cause,  by  which  the  con* 
traction  of  the  muscles  is  performed. 

Concluding  that  the  muscles  are  contracted  from  the  infla- 
tion of  their  fibres  by  adventitious  bodies,  as  it  were  by 
wedges ;  and  having  refused  an  incorporeal  natural  fitculty 
for  the  immediate  mover,  as  also  any  aerial  substance,  and 
rejected  the  blood  filling  the  pores  of  the  muscles,  together 
with  the  manner  by  which  moistened  ropes  are  contracted, 
he  infers,  that  the  ebullition,  caused  in  the  muscles  by  the 
concurrence  of  the  blood  and  succus  nerveus,  is  the  imme- 
diate cause  of  the  intumescence  and  contraction,  which  he 
confirms  and  illustrates  by  arguments  and  experiments. 

He  next  gives  an  account  of  the  internal  motions  of  the 
fluids  of  the  body,  as  of  tlie  circidation  of  the  blood ;  de- 
scribing the  muscular  structure  of  the  heart,  and  showing 
how  it  differs  firom  other  muscles  by  the  wonderful  texture 
of  its  fibres. 

He  at  last  infers  that  the  moving  faculty  of  the  heart  ex- 
ceeds the  resistance  of  the  whole  blood  m  the  arteries,  and 
of  the  ligaments  that  hinder  their  dilatation,  which  is  greater 
than  the  force  of  a  weight  of  180,000. 

He  ascribes  respiration  wholly  to  the  muscles  that  enlarge 
the  thorax,  viz.  the  intercostals  and  the  diaphragm,  together 
with  the  weight  and  elasticity  of  the  air.  The  manner,  by 
drawing  up  &e  circumference  of  the  ribs  towards  the  throat, 
by  directions  that  make  acute  angles  with  the  plains  of  the 
ribs.  The  structure  of  the  thorax  in  the  tortoise,  he  observes, 
is  remarkable,  there  being  no  divided  ribs,  but  one  continued 
bony  arch,  and  no  diaphragm ;  and  instead  of  lungs,  two  long 
bladders,  containing  also  l£e  blood-vessels.  These  bags  are 
not  alternately  filled  and  emptied,  but  constantly  remain  full 
of  air,  which  is  not  renewed  in  them  but  partially,  by  the 
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external  mtiscles  that  stick  to  the  skin,  which  when  inactive 
make  a  hollow  sinus,  but  contracted,  a  plane.  ^ 


A  Ducaurse  read  before  the  Bcyal  Society ,  concerning  the 
jointed  Worm.    By  Edwamd  Tyson. — [1683.] 

I  SHAI.L  begin  with  the  jointed  worm ;  and  shall  discriminate 
this  from  all  other  sorts  of  worms.  And  the  first  is,  its  being- 
Bat;  hence  called  lumbricus  latus,  and  by  Hippocrates^ 
Toatioy  i.e.  &scia,  and  in  English,  the  tape-worm.  This 
flatness  of  the  body  sufficiently  distinguishes  it  from  the 
others,  which  are  usually  bred  in  the  body ;  which  are  either 
short  and  small,  and  then  called  ascarides,  or  longer,  as  the 
teretes.  Nor  is  there  any  out  of  Uie  body  that  I  kaow  of, 
that  are  thus  flat. 

In  one  I  have  by  me  24  feet  long,  about  five  joints  make  an 
inch ;  whereas  the  latter  joints  here  are  above  an  inch  long ; 
but  in  some  I  have  taken  out  of  dogs,  there  were  30  or  40, 
sometimes  above  60  annuli,  which,  towards  the  head,  make 
up  but  the  length  of  an  inch ;  whereas  toward^  the  tail  six  or 
seven  joints  equalled  that  measure,  and  sometimes  three ;  so 
that  gradually  the  joints  seem  to  increase,  both  in  length 
and  breadth,  as  they  approach  the  tail. 

As  to  the  length  of  this  worm,  it  is  sometimes  as  long  ad 
all  the  bowels ;  not  that  it  lies  extended  straight  the  length 
of  the  guts,  as  those  might  think,  who  fondly  imagined  it  was 
nothing  else  but  a  mucous  skin,  or  spolium  of  the  same :  but 
it  lies  convoluted  in  several  places ;  so  that  it  often  vastly 
exceeds  the  whole  length  of  the  intestines  themselvea. 
Platerus  observed  one  40  feet  long ;  and  Pliny  says,  they  are 
sometimes  300  feet  or  more.  Thaddaeus  Dunus  saw  voided 
by  a  woman  one  piece  of  this  worm  five  yards  long ;  and 
another,  above  20  yards  long.  Yet  in  neitner  could  he  ob- 
serve either  the  head  or  the  tail.  But  what  Olaus  Borrichius 
tells  us  is  remarkable ;  that  a  patient  of  his,  in  a  year's  time, 
has  voided  800  feet  of  this  sort  of  worni,  but  in  several 
pieces ;  and  that  200  feet  of  it  he  kept  by  him ;  and  that 
faitlierto  he  has  not  met  with  the  head.  For  the  patient 
observed,  that  always  in  the  voiding  it,  he  perceived  it  break 
ofi^;  that  he  has  not  yet  come  to  the  end ;  and  still  goest>n 
voiding  the  same.  Which  I  could  parallel  with  an  instance 
of  a  person,  once  my  patient,  who  has  voided  vast  quantities 
of  this  worm,  for  several  years  together;  but  in  several 
pieces,  %  3,  4,  6,  or  more  yards  long ;  but  all  put  together, 
would  much  expend  the  length  of  that  of  Borrichius.    Tulpius 
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says  he  showed,  in  the  Anatomy  Theatre,  40  yards  of  this 
worm ;  which  was  voided  by  one  in  two  days*  time.  However^ 
I  question  whether  all  those  pieces  which  are  voided  by  the 
same  person  may  be  always  reputed  parts  of  the  same  worm, 
or  of  different.  Yet  this  is  undeniable,  and  must  be  al- 
lowed, that  this  worm  is  amazingly  long,  which  plainly  appears 
even  by  those  pieces  we  see  of  them ;  for,  besideiB  the  instances 
already  given,  Simon  Schultzius  mentions  one  seven  yards 
long,  uid  another  nine  yards.  Clusius  tells  us,  that  the  Duke 
of  Austria's  cook  voided  pieces  of  this  worm,  6,  12,  and  15 
yards  long.  Jacobus  OeUiseus  measured  one  18  yards  long. 
Alexander  Camerarius  has  seen  them  above  20  yards  long. 
In  the  palace  at  Tiguri  is  kept  the  figure  of  one  18  feet  long : 
and  abuifdance  of  more  instances  I  could  give  were  it  needmU 


But  I  shall  describe  that  piece  of  one  I  have  by  me,  voided 
by  a  young  man  about  20  years  of  age,  on  the  use  of  an 
emulsion  of  the  cold  seeds,  who  plainly  perceived  it  alive» 
and  to  move ;  and  having  put  it  in  a  wide  mouthed-glass,  it 
often  endeavoured  by  raising  its  body  to  get  out ;  but  the 
co)d  water  into  which  it  was  put  amrwards  soon  killed  it. 
I  measured  it  and  found  it  24  feet,  or  eight  yards  long.  In 
it  I  numbered  507  joints.  Its  colour  was  extreme  white,  being 
turgid  with  chyle ;  its  body  flat,  about  the  thickness  of  half  a 
crown,  where  thickest ;  and  the  joints  towards  the  tail  about 
one  fourth  of  an  inch  broad ;  tliose  towards  the  head  about  one 
fourth  as  broad  as  those  towards  the  tail,  and  here  the  joints 
were  not  one  fourth  of  an  inch  long,  whereas  those  at  the  tail 
were  a  full  inch  lone,  and  something  more ;  and  from  the  head 
they  seemed  gradually  to  increase  in  length.  The  joints  much 
of  a  wideness  throughout;  and  the  jetting  edges  of  the  former 
over  the  latter  usuSly  plain  and  even ;  unless  where  the  (Jon- 
traction  of  the  body  had  rendered  them  a  Uttle  crimpled. 
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The  flats  of  both  sides  just  alike ;  and  without  any  spots,  pro- 
tuberances, or  any  thing  remarkable,  which  might  distinguish 
tfaem,  or  be  observed,  only  a  smooth  surface ;  but  about  the 
middle  of  the  edges  of  each  joint  I  observed  a  protuberatins 
orifice,  which  would  easily  enough  admit  a  hogs  bristle^  and 
was  open,  and  apparent  to  the  naked  eye.  These  orifices 
were  placed  for  the  most  part  alternately,  in  one  joint  on^  the 
right  side,  in  the  following  on  the  len.  But  sometimes  I 
have  observed  them  in  two,  more  seldom  in  three  succeeding 
joints  of  the  same  side ;  but  never  in  one  joint  more  than 
once.  These  orifices  I  take  at  present  for  so  many  mouths. 
But  since  I  have  here  mentioned  of  what  length  they  have 
been  observed  in  man,  I  shall  also  add  how  long  those  were  I 
have  seen  in  dogs.  For  though  they  are  to  be  met  with  only 
in  the  animal  kingdom ;  yet  in  abundance  of  the  subjects  of 
this,  and  those  too  of  difierent  species,  they  are  very  frequent ; 
in  fbhes,  as  in  the  pike,  whitings,  bleaks,  crabs,  herrings,  &c. 
and  upon  this  score  sometimes  they  prove  a  great  damage  to 
the  merchants,  as  Platerus  observes,  they  bein^  forced  to 
throw  them  away.  In  bleaks  in  the  summer-time,  if  you 
open  those  that  leap  and  tumble  on  the  water,  from  the  tor- 
ment they  feel  withm,  you  almost  constantly  meet  with  this 
worm,  which  is  a  thing  well  known  to  the  watermen.  In 
oxen  often  they  are  observed  likewise,  not  so  much  in  calves ; 
but  in  dogs  very  firequently;  which  Platerus  makes  to  be 
another  sort  of  we  taenia,  and  calls  it  ligula,  Simon  Schult- 
zius  mentions  a  lap-dog  that  in  a  short  time  voided  nine 
yards  of  this  worm  in  several  pieces. 

I  have  oftentimes  here  seen  them  myself,  but  shall  mentioi^ 
those  only  I  found  in  dissection ;  as  I  met  with  the  first  time 
two.  There  was  indeed  another  piece,  which  I  take  only  as 
broken  off  firom  one  of  the  fonher,  because  here  both  extremes 
were  pretty  large,  and  the  joints  throughout  proportionably 
long.  But  in  the  two  others  the  disproportion  was  very 
remarkable;  for  besides  observing  here  their  heads  thick 
beset  with  hairs  or  small  spikes,  which  I  shall  afterwards  de- 
scribe, I  took  notice  that  this  extreme,  if  extended,  was  very 
slender;  and  when  a  little  contracted,  the  joiats  so  very 
small,  that  they  were  scarcely  discernible  by  the  naked  eye  ; 
but  where  I  could  better  distinguish  them,  between  30  or 
40  made  the  length  of  an  inch ;  but  towards  the  other  extreme ' 
or  tail,  in  one  four,  in  the  other  six  or  seven  joints  made  that 
length ;  one  of  these  worms  was  scarcely  a  foot  long ;  the 
other  not  a  foot  and  a  half. 

In  another  dog  I  since  dissected,  I  found  another  worm, 
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with  just  the  same  head,  but  about  five  feet  long ;  towards  the 
head  in  this  60  jobts  scarcely  made  an  inch,  but  at  the  tail 
about  three  equalled  that  space ;  and  the  joints  here  were 
about  a  quarter  of  an  inch  broad ;  and  in  the  sides  of  the 
joints  in  this,  I  plmnly  perceived  those  orifices  I  at  present 
call  the  mouths. 

lAtkT  frcm,  Mr,  Anthony  LeuwenhoeKj  ofDdft^  concerning 

0ie  Appearances  of  several  Woods,  and  their  Vessels."^ 

[1683.] 

I  SEND  you  here  some  observations  on  wood.  BCD  (fig.  1.) 
is  a  part  of  the  circumference  of  an  oak  or  ash  tree,  &c,  being 
of  18  years*  growth,  and  therefore  having  18  rings,  one  for  each 
year;  that  which 
IS  made  the  last  JP^J, 

year  being  al- 
ways the  great- 
est, though  not 
always  propor- 
tionably  great, 
but  according  as 
the  year  is  more  jkI:;  i  i  iit^i  i 
or  less  fruitful.      ^^-'^^^^'^^  ^ 

The  pieces  described  in  the  following  figures  are  such  as  E 
in  the  15th  ring,  and  sometinies  not  so  large ;  yet  from  such 
a  part  I  doubt  not  but  the  constitution  of  the  whole  tree 
may  sufficiently  be  understood. 

When  a  tree  is  sawed  across,  and  afterwards  planed  very 
smooth,  we  see  lines,  as  it  were,  drawn  from  the  centre  A» 
and  reaching  to  the  circumference  B;  these  are  vessels 
which  carry  the  sap  to  the  bark ;  as  by  the  adjoined  figures 
will  appear. 

In  fig.  2.  ABC  D  shows  a  piece  of  oak,  which  observed  in 
a  microscope  was  thus  drawn  from  a  piece  of  wood  as  large  as 
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H.  F  F  are  the  separations  of  the  growth  of  one  year.  For 
when  the  growth  stops,  the  wood  becomes  firm  and  thidc ; 
and  is  supplied  with  many  small  vessels,  such  as  are  hardly  to 
be  distinguished,  and  therefore  appear  as  brown  rays  or 
streaks.  Between  the  said  F  F,  F  F,  is  comprehended  that 
thickness  of  wood  which  has  been  added  to  the  circumference 
of  a  tree  by  a  year's  growth.  The  wood  has  five  sorts  of  vessels^ 
viz.  Three  sorts  going  upwards,  and  two  lying  horizontally. 
££  £  denote  large  ascending  vessels  made  every  year  in  the 
wood  in  the  spring,  when  it  begins  to  grow. 

All  these  ascending  vessels  in  the  aforesaid  piece  of  wood, 
which  is  about  A  of  a  square  inch,  are  I  guess  about  20,000. 
Hence  in  an  oak-tree  of  four  feet  diameter  are  3200  miUions 
of  ascending  vessels,  and  in  one  of  one  foot  there  are  200 
millions  of  vessels.  If  we  suppose  10  of  these  great  and 
small  vessels  in  a  day  to  carry  up  one  drop  of  water,  and  that 
100  of  these  drops  make  one  cubic  indi,  there  will  be  200,000 
cubic  inches. 

These  forementioned  upming  vessels  empty  constantly 
their  sap  into  an  incredible  number  of  vessels,  which  lie 
horizontally  in  the  body  of  the  tree,  to  cause. a  continuid 
growth  in  thickness.  Fig.  2.,  G  G  G,  are  a  sort  of  vessels 
which  run  horizontal,  beginning  from  the  pith  of  the  tree,  but 
afterwards  in  great  numbers  taking  their  rise  from  the  asp 
cending  vessels. 

Fig.  3.  is  a  little  piece  of 
black  Mauritius  ebony  wood, 
and  this  little  piece  of  wood, 
wherein  are  shown  about  1100 
rising  vessels,  is  no  larger  than 
an  ordinary  grain  of  sand.. 

Fie.  4.  is  a  piece  of  pakn- 
woba ;  and  though  I  examined 
a  great  deal  of  it,  I  could  find 
little  diffisrence  in  the  several  parts,  and  therefore  I  have 
here  contented  myself  with  de- 
scribing a  smaller  porti(m.  It 
consists  of  two  sorts  of  ascending 
vessels,  viz.  great  vessels,  and 
smaller  ones  lying  among  the 
larger. 
A  B  C  D^E  F  (£ig.5.)  is  a  very  small 
piece  of  straw  cut  across,  in  which  the  part  of  the  circum- 
ference AF  maybe  discerned  how  great  it  is.  ABEF  is 
the  rind  of  the  straw,  which  to  outward  appearance  is  smooth 

E    2  Digitized  by  Google 


76  THE  straits'  current. 

and  shining,  though  for  the  most  part  it  is  made  of  extremety 
«mali  vessels,  and  of  some  greater ;  which  I  have  represented 


fis  near  as  possible.  GGGG  are  the  vessels  of  which  the  in- 
nermost parts  of  the  straw  are  made ;  these  vessels  are  four, 
five,  and  six  sided,  according  as  they  come  to  fit  themselves. 
H  H  H  are  other  vessels  which  rmi  in  between  the  fore- 
mentioned  ones,  and  are  beset  round  with  small  vessels.  Li 
these  vessels  I  have  seen  the  sap  sink  down  suddenly  at  the 
time  of  the  growing  of  the  straw,  when  at  the  same  time  I 
saw  the  £ap  rise  up  in  the  vessels  G  G,  which  sap  was  made 
mostly  of  globules  ;  and  when  the  globules  came  to  pass  the 
.valves,  where  the  vessels  were  narrowest,  these  globides  then 
chauged  into  the  form  of  cones,  till  they  obtained  a  larger 
room,  and  then  they  retook  their  former  globular  shape. 


A  Con;ectiire  on  under  Currents  at  the  Straits*  Mouth  and  other 
Places.  By  Thomas  Smith,  D.D.  —  [1684.] 
At  the  Straits,  there  is  a  vast  draught  of  water  poured 
continually  out  of  the  Atlantic  into  the  Mediterranean ;  the 
mouth  or  entrance  of  which  between  Cape  Spartel  or  Sprat, 
as  the  seamen  call  it,  and  Cape  Trafalgar,  may  be  near  seven 
leagues  wide,  the  current  setting  strong  into  it,  and  not  losing 
its  force  till  it  runs  as  far  as  Malaga,  which  is  about  20  leagues 
within  the  Straits.  By  the  benefi't  of  this  current,  though 
the  wind  be  contrary,  if  it  does  not  overblow,  ships  easily 
turn  into  the  Gut,  as  they  term  the  narrow  passage,  which  is 
about  20  miles  in  length.  At  the  end  of  which  are  two 
towns,  Gibraltar  on  the  coast  of  Spain,  which  gives  denomin- 
ation to  the  strait,  and  Ceuta  on  the  Barbary  coast ;  at  which 
places  Hercules  is  supposed  to  have  set  up  his  pillars.  What 
becomes  of  this  great  quantity  of  water  poured  in  this  way, 
and  of  that  which  runs  from  the  Euxine  into  the  Bosphonis 
and  Propontis,  and  carried  at  last  through  the  Hellespont 
into  the  JEgeaa  or  Archipelago,  is  a  curious  speculation,  and 
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lias  exercised  'the  ingenuity  of  pMosophers  and  navigatora. 
For  there  is  no  sensible  rising  of  the  water  all  along  the  Bar- 
bary  coast,  even  down  to  Alexandria,  the  land  beyond  Tripoli^ 
and  that  a£  Egypt  lying  very  low,  and  easily  to  be  overflowed* 
They  observe,  indeed,  that  the  water  rises  three  feet  or  three 
feet  and  a  half  in  the  Gulf  of  Venice,  and  as  much,  or  very 
near  as  much,  all  along  the  river  of  Genoa*  as  far  as  the  river 
Amo ;  but  this  rather  adds  to  the  wonden 

I  here  omit  to  speak  at  large  of  the  several  hypotheses 
which  have  been  invented  to  solve  this  difficulty ;  such  aa  sub* 
terraneous  vents,  cavities,  and  indraughts,  exhalations  by  the 
sun-beams,  the  running  out  of  the  water  on  the  African  side, 
as  if  there  were  a  kind  of  circular  motion  of  the  water.  My 
conjecture  is,  that  there  is  an  under-current,  by  which  as 
^eat  a  quantity  of  water  is  carried  out  as  comes  flowing  in* 
To  confirm  which,  besides  what  might  be  said  about  the 
difference  of  tides  in  the  offing,  and  at  the  shore  in  the 
Downs,  which  necessarily  supposes  an  under-current,  I  shall: 
present  you  with  an  instance  of  the  like  nature  in  the  Baltic 
iBOundy  as  I  received  it  from  an  able  seam^,  who  was  at  the 
making  of  the  trial.  He  told  me,  that  being  there  in  one  of 
the  king's  frigates,  they  went  with  their  pmnace  into  the 
mid  stream,  and  were  carried  violently  by  the  current ;  that 
soon  afler  tliey  sunk  a  bucket  with  a  large  cannon  ball,  to  a 
eertfun  depth  of  water,  which  gave  check  to  the  boat's  motion; 
and  sinking  it  still  lower  and  lower,  the  boat  was  driven 
ahead  to  windward  against  the  upper  current :  the  current 
alofl,  as  he  added,  not  being  four  or  five  fethom  deep,  and 
that  the  lower  the  bucket  was  let  fall,  they  found  the  under 
current  the  stronger. 


Cy*  the  Pores  in  the   Skin  of  the  Hands  and  Feet,    By 

Neh.  Grew,  IT.  i>,  — [1684.] 

Thb  pores  in  the  hands  and  feet  are  very  remarkable; 
both  in  respect  of  their  position  and  their  amplitude.  For  if 
any  one  will  but  take  the  pains,  with  an  mdifierent  glass,  to 
Survey  the  palm  of  his  hand  very  well  washed  with  a  ball, 
he  may  perceive  innumerable  little  ridges,  of  equal  size  and 
distance,  and  every  where  running  parallel  to  each  othen 
And  ei^cially  on  the  ends  and  first  joints  of  the  fingers  and 
thumb,  on  the  top  of  the  ball,  and  near  the  root  of  the  thumb 
fL  little  above  the  wrist.  In  all  which  places,  they  are  very 
regularly  disposed  into  spherical  triangles  and  ellipses.  On 
these  ridges  stand  the  pores,  all  in  eveij,  rows^and  of  such  a 
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magnitade,  as  to  be  visible  to  a  good  eye,  withoixt  a  glssd. 
But  being  viewed  with  one,  every  pore  looks  like  a  little 
fbontain)  and  the  sweat  may  be  seen  to  stand  therein^  aa 
clear  as  rDck-water>  and  often  as  it  is  wiped  off,  to  spring  up 
within  them  again. 

What  nature  intends  in  the  position  of  these  ridges,  is^, 
that  they  may  the  better  suit  wiUi  the  use  and  motion  of  the 
hand :  those  of  the  lower  side  of  every  triangle,  to  the  biding 
in  or  clutching  of  the  fingers ;  and  those  of  the  other  two 
sides,  and  of  the  ellipses,  to  the  pressure  of  the  hand  or 
fingers'  ends  against  any  body,  requiring  them  to  3rield  to  the 
right  and  left.  On  these  ndges  the  pores  are  very  provi- 
dently placed,  and  not  in  the  furrows  which  lie  between  them; 
that  so  their  structure  might  be  the  stronger,  and  less  liable 
to  be  depraved  by  compression ;  whereby  only  the  furrows 
are  dilated  or  contracted,  the  ridges  constantly  maintaining 
themselves,  and  so  the  pores  un^altered.  For  the  same  reason, 
the  pores  are  also  very  large,  that  they  may  still  be  the  better 
preserved,  though  the  skm  be  ever  so  much  compressed  and 
condensed,  by  the  constant  use  and  labour  of  the  hand.  So 
likewise  those  of  the  feet,  notwithstanding  the  compression 
of  the  skin  by  the  weight  of  the  whole  body. 


LeUerfrom  Mr,  Anthony  Lsuwenhoek^  aboui  Ammab  in  Ae 
Scwf  of  the  TeMy  ^  Substance  called  Warms  in  the 
Nosey  cmd  the  CtOicuia  consisting  rf  Scales.  ^-  [1684.] 

Though  my  teeth  are  kept  usually  very  clean,  yet  when 
I  view  them  in  a  magnifying  glass,  I  find  growing  between 
them  a  little  white  matter,  as  thick  as  wetted  flour :  in  this 
substance,  though  I  could  not  perceive  any  motion,  I  judged 
there  might  probably  b^  living  creatures.  I  therefore  took 
some  of  this  flour,  and  mixed  it  either  with  pure  ram-water 
wherein  were  no  animals,  or  else  with  some  of  my  spittle, 
having  no  animals  nor  air-bubbles  to  cause  amotion  m  it ;  and 
then  to  my  great  surprize  perceived  that  the  aforesaid  matter 
contained  very  many  small  living  animals,  which  moved  them- 
selves very  strangely.  The  latest  sort  were  not  numerous, 
but  their  motion  strong  and  nimble,  darting  themselves  through 
the  water  or  spittle,  as  a  jack  or  pike  does  through  the 
water.  The  second  sort  spun  about  like  a  top,  and  were 
more  in  number  than  the  first.  In  the  third  sort  I  could  not 
well  distinguish  the  figure,  for  sometimes  it  seemed  to  be  an 
oval,  and  other  times  a  circle :  these  were  exceedingly  small, 
and  so  swift,  that  I  can  compare  them  to  nothing  better  than 
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8  swarm  of  ffiea  or  gnats,  Hiring  and  'tamiag  among  each 
other  m  a  small  ^pace.  Of  this  sort  I  believe  Uiere  m^ht  be 
many  thousands  m  a  quantity  of  water  no  larger  ^lan  a  sand, 
though  the  £k>ur  were  but  the  ninth  part  of  the  water  or 
spittfe  containing  it  Besides  these  anknals,  there  were  a 
great  quantity  of  streaks  or  threads  of  diferent  lengths,  bttt 
of  like  thickness,  Jhring  confusedly  together,  some  bent,  and 
others  straight.    Iiiese  had  no  motion  or  life  in  them. 

I  observed  the  spittle  of  two  several  women,  whose  teeth 
were  kept  dean,  and  there  were  no  aninmls  in  the  spittle ; 
but  the  meal  between  the  teeth,  bdng  mixed  with  water,  as 
b^ore,  I  found  the  animals  above  described,  as  also  the  long 
particles.  The  spittle  of  a  child  of  eight  years  old  had  no 
living  creatures  in  it ;  but  the  meal  between  the  teeth  had  a 
great  many  of  the  animals  above  described,  as  also  the  streaks* 
The  spittle  of  an  old  man  that  had  lived  soberly  had  no 
animals  in  it ;  But  the  substance  upon  and  between  his  teeth 
had  a  great  many  living  cretttures  swimming  nimbler  than  I 
had  hi&rto  seen.  The  largest  sort  were  numerous,  and  as 
they  moved  bent  themselves.  The  other  sorts  of  animals 
were  in  great  numbers,  insomuch  that  though  the  meal  were 
little,  yet^the  water  it  was  mixed  with  seemed  to  be  all  alive ; 
there  were  also  the  long  threads  above  mentioned.  The 
tmittle  of  another  old  man,  a  toper,  was  like  the  former,  but 
the  animals  in  the  scurf  on  the  teeth  were  not  all  killed  by 
his  continual  taking  brandy,  wine,  and  tobacco ;  for  I  found 
a  few  living  animab  of  the  third  sort,  and  in  the  scurf  be- 
tween the  teeth  I  found  many  more  small  animals  of  the  two 
smaller  sorts. 

I  took  in  my  mouth  some  very  strong  wine-yinegar ;  then 
closing  my  teeth,  I  gargled  and  rinsed  th^m  very  well  with 
the  vin^ar ;  and  afterwards  I  washed  them  very  well  with 
fair  water ;  but  there  were  innumerable  quantities  of  anhnals 
still  remaining  in  the  scurf  on  the  teeth,  but  most  in  that 
between  the  teeth,  and  very  few  animals  of  the  first  sort. 
I  took  a  very  little  wine-vinegar,  and  mixed  it  with  the  water 
in  which  the  scurf  was  dissolved ;  upon  which  the  animals 
died  presently.  From  hence  I  conclude,  that  the  vinegar 
with  which  I  washed  my  teeth  killed  only  tiiose  animals 
which  were  on  the  outside  of  the  scurf,  but  did  not  pass 
through  the  whole  substance  of  it. 

Tlie  number  of  these  animals  in  the  scurf  of  a  man's  teeth 
are  so  many,  that  I  believe  they  exceed  the  number  of  men 
ii^  a  kingdom.    For  on  the  examination  of  a  small  parcel  of 
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it,  no  thicker  than  a  horse-hair,  I  found  so  many  living  animals 
in  it,  that  I  guess  there  might  have  been  1000  in  a  quantity 
of  matter  no  larger  than  the  -j-hs  P^^  ^^  ^  ^^'^^* 

A  certain  man  being  said  to  have  worms  taken  out  of  his 
face,  I  took  a  quantity  of  these  imagined  worms,  which  I  laid 
upon  a  clean  glass,  that  I  might  view  them  at  my  leisure. 
I  found  them  not  to  differ  considerably ;  unless  it  were  that 
some  of  the  hairs  in  these  supposed  worms  were  so  tender^ 
that  Ijiey  broke  in  two  on  the  least  touch.  Other  worms 
seemed  to  be  a  bundle  of  hairsj  but  when  I  went  to  separate 
them,  it  was  just  as  if  I  had  touched  a  soft  fat  body.  I 
sque^ed  some  black  specks  out  of  the  thick  of  my  own  nose> 
which  I  saw  to  be  bundles  of  hairs,  I  then  took  out  hairs  from 
one  of  them  to  the  number  of  36*  I  took  the  worms  out  of 
the  noses  of  two  other  persons,  and  I  found  the  number  of 
Jiairs  in  a  bundle  to  be  from  3,  4,  5,  6,  and  9  to  25,  and  30, 
When  the  worms  lay  deepest  in  the  nose,  thtey  seldom  con- 
tained any  hairs,  unless  the  person  they  came  ^om  were  very 
black,  and  then  the  hairs  were  more  easily  perceivable.  In 
the  pressing  out  of  worms,  I  could  tell  whether  there  were 
hairs  in  them  or  not ;  for  if  the  substance  came  out  straight^ 
then  there  were  always  hairs ;  but  if  bended  none. 

In  the  year  1674,  I  asserted  that  the  cuticula,  or  ujpipev 
skin  of  a  body,  consists  of  round  particles  or  scales.  I  then 
saw  by  a  common  microscope  the  parts  of  the  scales  appear- 
ing to  the  eye  as  if  they  were  round,  lying  close  in  order, 
and  so  small  that  a  sand  would  cover  200  or  250  of  them* 
But  examining  them  since  by  a  glass  which  magnifies  more* 
I  am  satisfied  that  they  are  not  made  out  of  the  grosser  part 
of  the  moisture  or  substance  which  is  evaporated  out  of  the 
)>6dy,  as  I  formerly  thought,  but  are  mere  scales,  such  as 
grow  on  the  outward  skin  of  a  fish,  and  called  fish-scalesi 
These  scales  lie  on  our  body  just  as  they  do  upon  fishes,  the 
most  part  of  them  are  five-sided,  and  are  very  thin,  for  I 
judge  their  breadth  is  about  25  dmes  more  than  their  thick- 
ness. They  lie  three  deep  on  the  body,  every  part  being 
covered  with  three  scales  successively,  though  not  above 
^  part  of  a  scale  discovers  itself  to  the  eye,  the  other  f  parts 
being  hid  by  the  other  scales. 

Tiie  scales  of  fishes  also  appear  but  in  part  to  the  eye ;  but 
it  is  very  remarkable,  that  though  fishes  UQver  change  their 
scales,  yet  ^men  do  often ;  particularly  I  instance  in  myself 
at  this  time,  being  the  1st  or  September,  that  the  scales  came 
off  me  not  one  by  one,  but  1000  in  a  cluster.    When  I  pluck 
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qIF  a  scale  from  my  body  which  sticks  ^ast,  and  perhaps  is  but 
newly  grown,  there  comes  blood  after  it,  or  at  least  there 
remains  a  red  spot. 

It  is  easy  to  conceive  how  a  louse,  flea,  or  other  insect^ 
ttiay  thrust  his  sting  or  snout  into  the  skin ;  for  they  need 
not  do  it  through  the  scales,  but  between  the  plates  or  mails. 
From  hence  also  may  be  perceived,  that  there  are  no  pores  in 
the  cuticula,  for  the  conveying  out  of  sweat,  because  that  may 
ooze  out  from  between  the  scales,  though  diey  stick  never  so 
close  together,  without  supposing  that  there  are  channels 
made  for  its  passage.  Let  us  only  reckon  how  many  vacuities 
at  scale  has,  whereby  it  is  nourished  so  as  to  grow,  and  that 
in  the  space  of  ^  part  of  a  scale  there  may  be  100  such 
vacuities,  througli  which  the  humours  of  the  body  may  pass, 
and  that  200  such  parts  of  a  scale  may  be  covered  with  a 
sand.  It  will  fo^ow,  then,  that  the  body  may  exhale  out  of 
20,000  places  in  a  quantity  no  larger  than  what  a  sand  wiU 
cover. 


Cfihe  Bogs  in  Ireland.  By  Mr.  William  King.  —  [1685-] 

As  to  the  origin  of  bogs,  it  is  to  be  observed,  that  there 
are  few  places  in  our  northern  world  but  have  been  noted 
for  them,  as  well  as  Ireland :  every  barbarous  ill-inhabite4 
country  has  them.  I  take  the  loca  palustria,  or  paludes,  to 
be  the  very  same  we  call  bogs :  the  ancient  Gauls,  Germans, 
and  Britons,  retiring,  when  beaten,  to  the  paludes,  is  just 
what  we  have  experienced  in  the  Irish;  and  we  shall  find 
those  places  in  Italy  that  were  barbarous,  such  as  Liguria, 
were  infested  with  them,  so  that  the  true  cause  of  tliem 
neems  to  be  want  of  industry.  To  show  this,  we  are  to  con- 
sider, that  Ireland  abounds  in  springs;  that  tKese  springs 
are  mostly  dry  in  the  summer,  and  the  grass  and  weeds  grow 
thick  about  those  places.  In  the  winter  they  swell  and  run^ 
^md  soften  and  loosen  all  the  earth  about  them.  Now 
that  swerd  or  surface  of  the  earth,  whidi  consists  cf  the 
roots  of  grass,  being  lifted  up  and  made  fuzzy  or  spongy 
by  the  water  in  the  winter,  is  dried  in  the  spring,  and  does 
not  Ml  together,  but  wither  in  a  tuft:,  and  new  grass  springs 
through  it,  which  the  next  winter  is  again  lifted  up ;  and 
thus  the  spring  is  still  more  and  more  stopped,  and  the  swerd 
grows  thicker  and  thicker,  till  at  first  it  makes  what  is  called 
a  quaking  bog,  and  as  it  rises  and  becomes  drier,  and  the 
^gra8S  roots  and  other  vegetables  become  more  putrid,  toge- 
ther with  the  mud  and  slime  of  the  water,  ife-acquires  a 
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blackness,  and  becomes  what  is  caUed  a  turf-bog.  I  believe 
when  the  vegetables  rot,  the  saline  particles  are  generally 
washed  away  with  the  if  ater,  in  which  they  are  c&solved ; 
but  the  oily  or  sulphureous  remain  and  float  on  the  water ; 
and  this  is  that  which  gives  turf  its  inflammability.  To  make 
this  appear,  it  is  to  be  observed,  that  in  Ireland  the  highest 
mountains  are  covered  with  bogs  as  well  as  the  plains,  be- 
cause the  mountains  abound  much  in  springs,  r^ow  diese 
being  uninhabited,  and  no  care  being  taken  to  dear  the 
springs,  whole  mountains  are  thus  over-run  with  bogs. 

It  is  to  be  observed,  also,  that  Ireland  abounds  in  moss 
more  than  probably  any  other  country,  insomuch  that  it  is 
very  apt  to  spoil  fruit-trees  and  quicksets.  This  moss  is  of 
divers  kinds,  and  that  which  grows  in  bogs  is  remarkable ; 
for  the  light  spongy  turf  is  nothing  but  a  congeries  of  the 
threads  of  this  moss,  before  it  be  sufficiently  rotten;  and 
then  the  turf  looks  white,  and  is  light.  ,  It  is  seen  in  such 
quantities  and  is  so  tough,  that  the  turf-spades  cannot  cut  it. 
— In  the  north  of  Ireland  they  call  it  old-wives'  tow,  as  it  is 
not  much  unlike  flax :  the  turf-holes  in  time  grow  up  with  it 
again,  as  well  as  all  the  little  gutters  in  the  bogs  ;  and  to  it 
the  red  or  turf  bog  is  probably  owing ;  and  from  it  even  the 
hardened  turf,  when  broken,  is  stringy,  though  there  plainly 
appear  in  it  parts  of  other  vegetables ;  and  it  is  probable  that 
the  seed  of  this  bog-moss,  when  it  falls  on  dry  and  parched 
ground,  produces  heath. 

The  inconveniences  of  these  bogs  are  very  great ;  a  con- 
siderable part  of  the  kingdom  being  rendered  useless  by 
them :  they  keep  people  at  a  distance  from  each  other,  and 
consequentiy  interrupt  them  in  their  a&irs.  Generally^  the 
land  which  should  be  our  meadows,  and  the  finest  plains,  are 
covered  with  bogs ;  this  is  observed  over  all  Connaught,  but 
more  especially  in  Lonjdbrd  and  also  in  Westmeath,  and  in 
the  north  of  Ireland.  These  bogs  greatly  ^obstruct  the  pass* 
ing  from  place  to  place ;  and  on  this  account  the  roads  are 
very  crooked,  or  they  are  made  at  vast  expence  through 
bogs.  The  bogs  are  a  great  destruction  to  cattle,  the  chief 
commodity  of  Ireland ;  &r  in  the  spring,  when  they  are  weak 
and  hungry,  the  edges  of  the  bogs  have  commonly  grass,  and 
the  Cattle  venturing  in  to  get  it,  fall  into  pits  of  sloughs,  and 
are  either  drowned  or  hurt  in  the  pulling  out :  the  number  of 
cattle  lost  this  way  is  incredible. 

Turf-bogs  preserve  things  a  long  time :  a  corpse  will  lie 
entire  in  one  for  several  years ;  also  trees  are  found  sound 
and  entire  in  them,  and  even  birch  and  alde^,  that  are  very 
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subject  to  rot;  such  trees  bum  yery  well|  and  serve  for 
torches  iu  the  night 


Caruxndng  the  Salts  <f  Vinegary  Sfc.    By  M.  Anthony 
Leuwenhosk^  -—  [  1 685.] 

Having  found  my  yearly  provision  of  vinegar,  which  had 
been  about  three  mon&s  in  die  cellar>  to  be  more  sour  than 
ordinary,  I  left  it  open  to  q 

the  air  during  some  hours, 
at  nfrhich  time  I  observed  a 
great  many  particles,  which 
I  call  the  salt  of  the  vine- 
gar, as  fig.  A,  tapering 
towards  each  end,  and 
having  in  the  middle  a  long 
brownish  figure :  others  of 
the  same  extent,  as  %.  B, 
being  as  clear  as  crystal ; 
and  these  were  the  most 
numerous:  others  being 
long  and  brownish,  having 
in  the  middle  of  them  a 
bright  clear  substance,  as^ 
fig.  C.  In  another  place  ^ 
were  some  few  oval  figures, 
within  which  were  ccmtained  some  lesser  ovals,  as  fig.  D. 
Under  the  aforesaid  figures,  A,  B,  C,  I  thought  I  saw  many 
that  had  a  hoUowness  within  them,  like  that  of  a  boat ;  some- 
times one  of  the  figitkres  appeared,  the  one  half  brown,  and  the 
other  part  clear ;  sometimes  one  of  the  figures  lay  across 
another,  as  at  E.  Sometimes  diere  were  figures  whic^  seemed 
to  have  been  cut  in  two,  each  c^  them  representing  but  one 
half  of  A,  B,  or  C,  as  F.  Many  of  these  %ure6  were  so  small, 
as  scarcely  to  be  seen,  but  so  numerous  that  I  judged  them  to 
be  many  thousands  in  one  small  drop  of  vinegar.  These  par* 
licles  I  tidce  to  be  the  sharp  pungent  matter,  which  causes  the 
sense  in  the  tongue,  which  we  term  sour. 

Having  put  into  a  glass  about  two  indies  wide  a  HtUe 
vinegar,  it  was  suffered  to  stand  on  my  ts^le  for  eight  weeks. 
In  this  time  I  found  swimming  on  the  surface  of  the  vinegar 
a  full  grown  live  eel,  L  M  and  N  O,  of  which  there  were 
many  more  in  the  vinegar. 

I  took  several  new  glasses  with  vinegar,  and  put  in  them 
some  crabs'  eyes,  q)lit  into  small  pieces,  lest  tne  jgrit  that 
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comes  from  them,  when  pounded,  should  hinder  m j  sight :  I 
found  that  the  long  sharp  figures  which  might  be  likened  to  a 
weaver*s  shuttle,  were  now  changed  into  figures,  whose  basis 
was  oblong,  rising  up  pyramidally,  p 

like  a  pointed  diamond,  as  P.   Others  ^    BB 

had  their  basis  square,  as  Q.  Odiers  ^     ^ 

an  irregular  quadrilateral,  as  R.    But   ^^  ^^^      ^    ^ 
these  kst  two  figures,  I  supposed,  ^^^  "^^  isfi 

were  accidental,  fi)r  want  of  sufficient       ^^  B 

matter  to  complete,  and  perfect  them  on  all  sides.  The 
number  of  particles  was  so  great,  that  in  a  gross  computation 
I  judged  them  to  be  6000  in  a  drop  about  the  size  of  two 
bfl^ley-coms. 

.  I  took  some  vinegar  out  of  a  glass,  that  had  crabs'  eyes  in 
It,  at  a  time  before  all  the  air-bubbles  were  ascended :  but 
even  then  the  basis  of  the  salt  particles  was  four-square,  and 
not  as  in  common  vinegar.  The  liquor  had  quite  lost  its 
acidity.  I  took  also  white  chalk,  beaten  to  pieces,  and  put  it 
in  vinegar,  where  it  caused  as  great  a  commotion  and  rismg  of 
air-bubbles  as  the  crabs'  eyes  had  dcme  :  it  produced  also  the 
same- figures  of  tlie  salt,  and  die  same  insipidness. 


Abstract  of  a  Letter  from  Mr.  Leuwenhoek  to  the  /?.  S.y  dated 
Jan.  23. 1684?-^,  concerning  ike  varvms  Figures  of  the  Salts 
contained  in  severed  StAstances.  —  [1685.J 

I  TOOK  some  of  the  salt  of  Carduus  Benedictus,  such  as  is 
commonly  sold  in  the  apothecaries'  shops :  it  was  rather  moist, 
and  its  parts  seemed  to  be  so  huddled  up  together,  that  they 
could  not  be  distinguished  firom  one  another :  I  closed  it  up 
in  a  glass,  to  prevent  the  evaporation ;  and  when  it  had  stood 
stopped  for  some  days,  many  of  the  particles  were  run 
together,  on  the  side  of  the  glass,  forming  some  flat  longish 
figures,  of  different  magnituctes,  the  largest  in  length  about 
the  diameter  of  a  j^  ^  ^ 

hair^m^bear^  ^     ^  ^    l_^   ^ 

another       place,      I       r^C3  A        \  C^    d3 

these  salts  lay  so,      ,^;>5i»r^^  "  ■«■»' 
that      I      could  \v  X:^ 

easily        discern  -^  \n        M  i.  n  ^  ^^ 

Uieir     thickness,  ^=**^  ^  pn    ■  I — I     □       \^i^^^ 

as    fig.  G.      In              VV  —  ^^^^^^ 

another  place,  the                     □  a  "^ 
thin  flat  salts  lay  over  one  another^  as  fig.  H.  ^  put  .this  salt 
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in  water  to  dissolve  it,  and  took  of  it  about  as  much  as  two 
barley-corns,  spreading  it  thin  before  me :  and  when  it  was  in 
motion,  I  not  only  observed  the  above-mentioned  figures,  and 
shootmgs  of  the  salt,  but  found  several  new  figures  which 
were  thin  and  long,  and  sharp  towards  both  ends,  as  &g*  !• 
Others  that  lay  near  them  were  broader,  but  not  so  long,  and 
dieir  ends  not  so  sharp,  as  fig.  K.  I  saw  also  some  perfect 
four-square  figures,  as  fig.  L;  but  they  had  no  thickness 
that  I  could  discover.  Also  there  were  some  quadrilateral 
pyramidal  figures,  like  those  of  common  salt,  as  fig.  M.  These 
observations  must  be  made  before  the  water  is  evaporated,  for 
when  the  water  is  almost  gone,  such  a  multitude  of  particles 
iq)pear,  and  run  together,  that  they  cause  a  confusion.  On  a 
further  examination,  of  a  more  genuine  sort,  I  perceived  very 
plainly  a  number  of  figures  tapering  towards  both  ends,  as 
above  mentioned  in  fig.  I.  After  about  a  day*s  time,  I  saw 
several  flat  figures,  as  F  and  H.  But  having  dissolved  the 
salt  in  rain  water,  and  viewed  it  as  it  lay  thin  upon  my  plate, 
I  found  all  the  above-mentioned  figures;  but  those  of  £r,L,and 
M,  exceeded  in  number  all  the  rest;  insomuch,  that  I  conceived 
I  saw  more  in  a  quantity  of  water  equal 
to  the  weight  of  a  grain,  tlian  there 
are  stars  to  be  seen  in  the  heavens  by 
the  naked  eye. 

ScU  Amnumieic, — The  figure  of  this 
salt  dissolved  in  water  generally  ap- 
peared like  the  boughs  of  a  tree,  beset 
with  irregular  leaves,  one  larger  than 
another,  as  is  represented  A  £.  In  an- 
other place  lay  five  or  six  branches  like 
A,  seeming  to  proceed  from  a  common 
centre,  as  E.  I  saw  also  salt  particles 
like  B  and  C ;  and  where  there  were 
no  branches,  the  scattered  salts  looked 
like  so  many  flints,  differing  from  each 
other  in  size,  but  being  never  perfectly 
round,  as  fig*  D. 


OooV 


A  Discourse  concerning  Gravity  and  its  Properties;  and  on 
the  Laws  of  the  Descent  of  heavy  Bodies.    By  E.  H alley 

Nature,  amidst  the  great  variety  of  problems  wherewith 
she  exercises  the  wits  of  philosophical  men,  scarcely  affords 
any  one  wherein  the  effect  is  more  visible,  and  the  cause 
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more  concealed,  than  in  those  of  the  phenomena  of  gravity 
or  weight  Before  we  can  go  alone,  we  must  learn  to  defend 
ourselves  fit)m  the  violence  of  its  impulse,  by  not  trusting  the 
centre  of  gravity  of  our  bodies  beyond  our  reach ;  and  yet 
the  acutest  philosophers,  and  the  subtilest  enquirers  into  the 
original  of  this  motion,  have  been  so  far  from  satisfymg  their 
readers,  that  they  themselves  seem  little  to  have  understood 
the  consequences  of  their  own  hypotheses. 

The  notion  of  Descartes  seems  to  be  quite  incomprehen- 
sible ;  he  would  have  the  particles  of  his  celestial  matter,  bv 
being  reflected  from  the  surface  of  the  earth,  and  so  ascend- 
ing from  it,  to  drive  d»wn  into  their  places  those  terrestrial 
bodies  they  find  above  them :  this  is  as  near  as  I  can  gather 
the  scope  of  the  20,  21,  ^%  and  23  sections  of  the  last  book 
of  his  Principia  Philosophise ;  yet  neither  he,  nor  any  of  his 
fbllowers,  can  show  how  a  body  suspended  in  free  ether  shall 
be  carried  downwards  by  a  continual  impulse  tending  upwards. 

Vossius  and  others  assert  the  cause  of  the  descent  of  heavy 
bodies  to  be  the  diurnal  rotation  of  the  earth  upon  its  axis ; 
not  considering  that,  according  to  the  doctrine  of  motion,  all 
bodies  moved  in  a  circle  recede  from  the  centre  of  their 
motion;  by  which  an  effect  contrary  to  gravity  would  follow, 
and  all  loose  bodies  would  be  thrown  into  the  air  in  a  tangent 
to  the  parallel  of  latitude  without  the  intervention  of  some 
other  principle  to  keep  them  fast,  such  as  that  of  gravity. 
Besides,  the  effect  of  this  principle  is  found  throughout  the 
whole  surface  of  the  globe  nearly  equal ;  and  certain  experi- 
ments seem  to  argue  it  rather  less  near  the  equator  than 
towards  the  poles ;  which  could  not  be  the  case,  if  the  diurnal 
rotation  of  the  earth  oh  its  axis  were  the  cause  of  gravity ; 
for  where  the  motion  is  swiftest,  there  the  effect  would  be 
most  considerable. 

Others  assign  the  pressure  of  the  atmosphere,  as  the  cause 
of  this  tendency  towards  the  centre  of  the  earth ;  but 
unhappily  they  have  mistaken  the  effect  for  the  cause,  it 
being  plain  from  undoubted  principles,  that  the  atmosphere 
has  no  other  pressure  but  what  it  derives  from  its  gravity ; 
and  that  the  weight  of  the  upper  parts  of  the  air,  pressing  On 
the  lower,  do  so  far  bend  the  sprmgs  of  that  elastic  body,  as 
to  ^ve  it  a  force  equal  to  the  weight  that  compressed  it, 
havmg  of  itself  no  force  at  all :  and  supposing  it  had,  it  will 
be  very  hard  to  explain  the  modus,  how  that  pressure  should 
occasion  the  descent  of  a  body  circumscribed  by  it,  and 
pressed  equally  above  and  below,  without  some  other  force 
to  draw  or  push  it  downwards.    But  to  demonstrate  the  con- 
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tiary  of  this  opinion,  an  experiment  was  long  since  shown 
before  the  Royal  Society,  by  which  it  appeared,  that  the 
atmosphere  was  so  far  from  being  the  cause  of  gravity,  that 
its  effects  are  much  more  vigorous  where  the  pressure  of.  the 
atmosphere  is  removed ;  for  a  long  glass  receiver,  having  a 
light  down-feather  included,  being  evacuated  of  air,  the 
feather,  which  in  the  air  would  hardly  sink,  did  in  vacuo 
descend  with  nearly  the  same  velocity  as  a  stone. 

Some  thkik  to  illustrate  this  descent  of  heavy  bodies,  by 
compariog  it  with  the  virtue  of  the  loadstone.  But,  setting 
aside  the  difference  in  the  manner  of  their  attractions,  the 
loadstone  attracting  only  in  and  about  its  poles,  but  the  earth 
almost  equally  in  all  parts  of  its  surface,  this  comparison 
avails  no  more  than  to  explain  unknown  things  by  another 
equally  so. 

Others  assign  as  the  cause,  a  certain  sympathetica!  attrac- 
tion between  the  earth  and  its  parts ;  whereby  they  have,  as 
it  were,  a  desire  to  be  united.  But  this  is  so  far  from  explain- 
ing the  modus,  that  it  is  little  more  than  telling  us  in  other 
terms,  that  heavy  bodies  descend,  because  they  descend. 
.  But  though  the  efficient  cause  of  gravity  be  so  obscure, 
yet  its  final  cause  is  clear  enough ;  for  it  is  by  this  single 
principle,  that  the  earth  and  all  the  celestial  bodies  are  kept 
from  dissolution  ;  the  least  of  their  particles  not  being 
suffered  to  recede  far  £rom  their  surfaces,  without  being  im- 
mediately brought  down  again  by  virtue  of  this  natural 
tendency ;  which,  for  their  preservation,  the  infinite  wisdom 
of  their  Creator  has  ordained  to  be  towards  each  of  their 
centres ;  nor  can  the  globes  of  the  sun  and  planets  be  other- 
wise destroyed,  than  by  depriving  them  of  this  power  of 
keeping  then*  parts  united. 

The  affections  or  properties  of  gravity^  and  its  manner  of 
acting  on  falling  bodies,  have  been  in  a  great  measure  dis- 
covered, and  most  of  them  made  out  by  mathematical  demon- 
stration, by  the  accurate  diligence  of  Galileo,  Torricelli, 
Huygens,  and  others,  and  now  lately  by  our  wordiy  country- 
man Mr.  Isaac  Newton,  who  has  an  incomparable  Treatise  on 
Motion  almost  ready  for  the  press.  Of  these  properties,  the 
first  is,  that  by  this  principle  of  gravitation  all  bodies  descend 
towards  a  point,  which  either  is,  or  else  is  very  near  to  the 
centre  of  magnitude  of  the  earth  and  sea,  about  which  the 
sea  form^  its^f  exactly  into  a  s[>herical  suiface,  and  the  pro- 
minences of  the  land,  considering  the  bulk  of  the  whole, 
differ  but  insensibly  from  it.  2.  This  point,  or  centre  of 
gravitation,  is  fixed  within  the  earth,  or  at  least  has  been  so. 
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ever  smce  we  have  any  authentic  history :  for  a  consequence 
of  its  change,  though  never  so  little,  would  be  the  overflowing 
of  the  low  lands  on  that  side  of  the  globe  towards  which  it 
approached,  and  the  leaving  new  islands  bare  on  the  opposite 
fifde,  from  which  it  receded.  3.  That  in  all  parts  of  the 
surface  of  the  earth,  or  rather  in  all  points  equidistant  from 
its  cenfare,  the  force  of  gravity  is  nearly  equal ;  so  that  the 
length  of  the  pendulum,  vibrating  seconds  of  time,  is  found 
in  all  parts  of  the  world  to  be  nearly  the  same.  4.  That 
gravity  equally  affects  all  bodies,  without  regard  either  to 
their  matter,  bulk,  or  figure ;  so  that  the  resistance  of  the 
medium  being  removed,  the  most  compact  and  the  loosest, 
the  greatest  and  smallest  bodies,  would  descend  the  same 
spaces  in  equal  times ;  the  truth  of  which  appears  from  the 
experiment  before  cited.  In  these  last  two  particulars  is 
shown  the  great  difference  between  gravity  and  magnetism, 
the  one  affecting  iron  only,  and  that  towards  its  poles,  the 
other  all  bodies  alike  in  every  part.  From  hence  it  will 
follow,  as  a  corollary,  that  there  is  no  such  thing  as  positive 
levity ;  those  things  that  appear  light,  being  only  compara- 
tively so ;  and  whereas  several  things  rise  and  float  in  fluids,  it 
is  because,  bulk  for  bulk,  they  are  not  so  heavy  as  those  fluids ; 
nor  is  there  any  reason  why  cork,  for  instance,  should  be  said 
to  be  light  because  it  swims  on  water,  anymore  than  iron 
because  it  swims  on  mercury.  5.  That  this  power  increases 
as  you  descend  to,  and  decreases  as  we  ascend  from,  the 
centre,  and  that  in  the  proportion  of  the  squares  of  the  dis- 
tances from  it  reciprocally,  so  as  at  a  double  distance  to  have 
but  a  quarter  of  the  force  ;  a  principle  on  which  Mr.  Newton 
has  made  out  all  the  phenomena  of  the  celestial  motions,  in 
80  easy  and  natural  a  manner,  tliat  its  truth  is  past  dispute. 

Besides,  it  is  highly  rational,  that  the  attractive  or  gravitating 
power  should  exert  itself  more  vigorously  in  a  small  sphere, 
and  weaker  in  a  greater,  in  proportion  as  it  is  contracted  or 
expanded ;  and  if  so,  seeing  that  the  surfaces  of  spheres  are 
as  the  squares  of  their  ra£i,  this  power  at  several  distances 
will  be  as  the  squares  of  those  distances  reciprocally ;  and 
then  its  whole  action  on  each  spherical  surface,  be  it  great  or 
small,  will  be  always  equal.  And  this  is  evidently  the  rule  of 
gravitation  towards  the  centres  of  the  Sun,  Jupiter,  Saturn,  and 
the  Earth;  and  thence  is  reasonably  inferred,  to  be  the  general 
principle  observed  by  nature  in  all  the  other  celestial  bodies. 
These  are  the  principal  affections  of  gravity,  from  which 
the  rules  for  the  fall  of  bodies,  and  the  motion  of  projects, 
are  mathematically  deducible.    Mr.  Isaac  Newton^has  shown 
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how  to  define  the  spaces  of  the  descent  of  a  body,  let  &I1 
from  any  given  height^  down  to  the  centre,  supposing  the 
gravitation  to  increase,  as  in  the  fifth  property ;  but  consider- 
ing the  smallness  of  height,  to  which  any  projectile  can  be 
ooade  to  ascend,  and  over  how  small  an  arch  of  the  globe  it 
can  be  thrown  by  any  of  our  engines,  we  may  weU  enough 
suppose  the  gravity  to  be  equal  throughout :  and  the  descents 
of  projectiles  to  be  in  parallel  lines,  which  in  reality  are 
towards  the  centre,  the  difference  being  so  small^  as  by  no 
means  to  be  discovered  in  practice. 

Prcpostiians  concerning  the  Descent  of  heavy  Bodies^  and  the 
Motion  of  Prefects.  —  [1 685-6.] 

Prep.  L  The  velocities  of  falling  bodies  are  proportional 
to  the  times,  from  the  beginning  of  their  falls.  For  the 
9Ction  of  gravity  being  continual,  m  every  space  of  time  the 
Ming  body  receives  a  new  impulse,  equal  to  what  it  had  be- 
fore,  in  the  same  space  of  time,  received  from  the  same 
power ;  for  instance,  in  the  first  second  of  time,  the  falling 
body  has  acquired  a  velocity,  which  in  that  time  would  carry 
it  to  a  certain  distance,  suppose  32  feet,  and  if  there  were  no 
xiew  force,  it  would  descena  at  that  rate  with  an  equable  mo- 
tion ;  but  in  the  next  second  of  time,  the  same  power  of  gra- 
vity continually  acting  on  it  superadds  a  new  velocity  equal  to 
the  former ;  so  that  at  the  end  of  two  seconds,  the  velocity 
is  double  to  what  it  was  at  the  end  of  tlie  first:  and  after  the 
same  manner  may  it  be  proved  to  be  triple  at  the  end  of  the 
third  second,  and  so  on.  Therefore  the  velocities  of  falling 
bodies  are  proportional  to  the  times  of  their  falls.  Q.  E.  D.  , 

Prep.  II.  The  spaces  described  by  the  fall  of  a  body 
are  as  the  squares  of  the  times,  from  the  beginning  of  the 
&11.  Let  AB  represent  the  time  of  the 
fall  of  a  body ;  B  C,  perpendicular  to  AB, 
the  velocity  acquired  at  the  end  of  the 
fill ;  and  draw  the  line  AC ;  then  divide 
the  line  AB,  representing  the  time,  into  as 
many  equal  parts  as  you  please,  as  b,  b,  b,  b, 
&c  and  through  these  points  draw  the 
Hnes  be,  bcvbc,  be,  &c.  parallel  to  BC.  It  dE 
is  manifest  mat  the  several  lines,  be,  repre- 
sent the  several  velocities  of  the  falling  B 
body,  in  such  parts  of  the  tune  as  Ab  is  of  AB,  by  the  former 
proposition.  It  is  likewise  evident,  that  the  area  ABC  is  the 
sum  of  all  the  lines  be ;  so  that  the  area  ABC  represents  the* 
sum  of  all  the  velocities,  between  none  and  B  C,  supposed  in*' 
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finitely  many ;  which  sum  is  the  H>ace  descended  in  the  time 
represented  by  A  B.  And,  by  the  same  reason,  the  areas 
Abe  will  r^resent  the  spaces  descended  in  the  times  Ab ;  so 
then  tiie  spaces  descended  in  the  times  A  B,  A  b,  are  as  die 
areas  of  the  triangles  ABC,  Abe,  which  by  the  20th  of  the 
sixth  of  Euclid,  are  as  the  squares  of  their  homologous  sides 
A,  B,  Ab  tiiat  is,  of  the  times.  Therefore  tiie  descents  of  falling 
bodies  are  as  the  squares  of  the  times  of  their  fall.  Q.  £.  D. 

Prop*  IIL  The  velocity,  which  a  falling  body  acquires  in 
any  space  of  time  is  double  to  that  witii  wnich  it  would  have 
moved  the  space  descended  by  an  equable  motion,  in  the 
same  time.  For,  draw  the  line  EC  paraUel  to  AB,  and  AE 
parallel  to  BC,  in  the  same  fig.l.,  and  complete  the  parallelo* 
gram,  ABCE:  it  is  evident  that  its  area  may  represent  the 
space  a  body  moved  equably  with  tiie  velocity  BC  would  de^ 
scribe  in  the  time  AB ;  and  the  triangle  ABC  represent  tiie 
space  described  by  tiie  fall  of  a  body,  in  tiie  same  time  AB, 
by  the  second,  proposition.  Now  tiie  triande  ABC  is  half 
the  parallel(^am  ABCE,  and  consequendy  the  space  de« 
scribed  by  the  fall  is  half  what  would  have  been  described  by 
an  equable  motion  with  the  velocity  BC,  in  the  same  time; 
therefore  tiie  velocity  BC,  at  the  end  of  the  &I1,  is  double  to 
diat  velocity,  which  m  the  time  AB  would  have  described  the 
space  fallen,  represented  by  the  triangle  ABC,  with  an 
equable  motion.    Q.E.D. 

Prop,  IV.  All  bodies  on  or  near  the  surface  of  the  earth, 
in  tiieu:  fall,  descend  in  such  a  manner,  as  at  tiie  end  of  the 
first  second  of  time,  to  have  described  16  feet  and  one  inch, 
London  measure,  and  acquired  the  velocity  of  32  feet  two 
inches  in  a  second.  The  lengtii  of  the  pendulum,  vibrating 
seconds,  being  found  394  inches,  the  descent  in  a  second  wm 
be  found  by  the  aforesaia  analogy  to  be  16  feet  one  inch :  and 
hy  tiie  tiiird  prop,  the  velocity  will  be  double  thereto ;  and 
thus  nearly  it  has  been  found  by  several  experiments,  which, 
by  reason  of  the  swifbiess  of  the  faU,  cannot  so  exactiy  de- 
termine its  quantity. 

From  these  four  propositions,  all  questions  concerning  the 
perpendicular  fall  of  bodies  are  easily  solved ;  and  eitiier  tiie 
time,  height,  or  velocity  being  assigned,  the  other  two  may  be 
readily  found.  From  tiiem,  likewise,  is  the  doctrine  of  pro- 
jectiles deducible,  assuming  the  two  following  axioms ;  viz. 
That  a  body,  put  in  motion,  will  move  on  continually  in  a 
right  line  with  an  equable  motion,  unless  some  other  force 
or  impediment  intervene,  by  which  it  is  accelerated,  or  re- 
tarded, or  deflected.    2dly.  That  a  body  being  agitated  by 
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tiro  motions  at  a  timcy  does  by  their  compounded  forces  pajM 
through  the  same  points  as  it  would  do,  if  the  two  motions 
were  divided  and  acted  successively. 


AecomUqfthe  Trade  Winds  and  Monsoons,  observable  mthe 
Seas  beiween  and  near  the  Tropics.    By  E.  Ballky. 

The  whole  ocean  may  most  properly  be  divided  into  three 
parts;  viz.  1.  The  Atlantic  and  Ethiopic  Sea.  2.  The  Indivi 
Ocean.  S.  The  great  South  Sea>  or  the  Pacific  Ocean. 
And  though  these  seas  do  all  communicate  by  the  south,  yet, 
as  to  our  present  purpose  of  the  trade  winds,  they  are  suf- 
fidently  separated  by  the  interposition  of  great  tracts  of  land. 

I.  In  the  Atlantic  and  Ethiopic  Seas,  between  the  tropics, 
diere  is  a  general  easterly  wind,  all  the  year  loi^,  without  any 
considerable  variation,  excepting  that  it  is  subject  to  be  de- 
flected some  few  points  of  the  compass  towards  the  north  or 
south,  according  to  the  position  of  tne  place. 

II.  In  the  Indian  Ocean  the  winds  are  partly  general,  as  in 
the  Ethiopic  Ocean,  and  partly  periodical,  that  is,  half  the 
year  they  blow  one  way,  and  the  other  half  nearly  on  the  op- 
posite points,  and  these  points  and  times  of  shining  are  dif^ 
ferent  m  different  parts  of  this  ocean :  the  limits  of  each  tract 
of  sea  subject  to  the  same  change  or  monsoon  are  certainly 
very  hard  to  determine ;  yet  the  following  particulars  may  be 
relied  on :  — 

1.  That  between  the  latitudes  of  10^  and  30^  south,  as  be- 
tween Madagascar  and  New  Holland,  the  general  trade  wind 
about  the  south-east  by  east,  is  found  to  blow  all  the  year 
long,  after  the  same  manner  as  in  the  same  latitudes  of  the 
EtiSomc  Ocean. 

2.  That  the  aforesaid  south-east  winds  extend  to  within 
2°  of  the  equator,  during  the  months  of  June,  July,  August, 
Ac  to  November,  at  wluch  time,  between  the  south  latitudes 
of  3^  and  10°,  being  near  the  meridian  of  the  north  end  of 
Madagascar,  and  between  2°  and  12^  south  latitude,  being 
near  Sumatra  and  Java,  the  contrary  winds  from  the  north- 
west, or  between  the  north  and  west,  set  in  and  blow  for  half 
the  year,  viz.  from  the  beginning  of  December  till  May ;  and 
this  monsoon  is  observed  as  &r  as  the  Molucca  isles. 

3.  That  to  the  northward  of  3°  south  latitude,  over  the 
whole  Arabian  or  Indian  Sea,  and  Gulf  of  Bengal  from  Su- 
matra to  the  coast  of  Africa,  there  is  another  monsoon,  blow- 
ing from  October  to  April,  on  the  north-east  points^r^^in  the 
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Other  half  year,  from  April  to  October,  on  the  opposite  points 
of  S.  W.  and  W.  S.  W.,  and  that  with  rather  more  force  than 
the  other,  accompanied  with  dark  rainy  weather ;  whereas  the 
north-east  blows  clear.  It  is  likewise  to  be  noted  that  the 
winds  are  not  so  constant,  either  in  strength  or  direction,  in 
the  Gulf  of  Bengal,  as  they  are  in  the  Indian  Sea,  where  a 
certain  steady  gale  scarcely  ever  fails.  It  is  also  remarkable, 
that  the  south-west  winds  in  these  seas  are  generally,  more 
southerly  on  the  African  side,  and  more  westerly  on  the 
Indian. 

4.  There  is  a  tract  of  sea  to  the  southward  of  the  equator 
subject  to  the  same  changes  of  the  winds,  viz.  near  the 
African  coast,  between  it  and  the  island  of  Madagascar,  and' 
from  thence  northward,  as  far  as  the  line ;  wherein  from 
April  to  October  there  is  found  a  constant  fresh  S.S.W.  wind, 
which,  as  you  go  more  northerly,  becomes  still  more  and 
more  westerly,  so  as  to  fall  in  with  the  W.S.W.  winds  men- 
tioned before,  in  those  months  of  the  year  to  be  certain  to 
the  northward  of  the  equator. 

5.  That  to  the  eastward  of  Sumatra  and  Malacca,  to  the 
northward  of  the  line,  and  along  the  coast  of  Camboia  and 
China,  the  monsoons  blow  nortli  and  soutli,  that  is,  the  north* 
east  winds  are  much  northerly,  and  the  south-west  much 
southerly.  This  constitution  reaches  to  the  eastward  of 
the  Philippine  isles,  and  as  far  north  as  Japan.  The  north-* 
em  monsoon  setting-in  in  these  seas  in  October  or  November, 
and  the  southern  in  May,  blowing  all  the  summer  months. 
Here  it  is  to  be  noted,  that  the  points  of  the  compass  from 
whence  the  wind  comes  in  tliese  parts  of  the  world  are  not 
80  fixed  as  in  those  lately  described,  for  the  southerly  will 
frequently  pass  a  point  or  two  to  the  eastward  of  the  south, 
and  the  northerly  as  much  to  the  westward  of  the  north  ; 
which  seems  occasioned  by  the  great  quantity  of  land  inter- 
spersed in  these  seas. 

6.  That  in  the  same  meridians,  but  to  the  southward  of  the 
equator,  bemg  that  tract  lying  between  Sumatra  and  Java  to 
the  west,  and  New  Guinea  to  the  east,  the  same  northerly  and 
southerly  monsoons  are  observed;  but  with  this  difference,  that 
the  inclination  of  the  northerly  is  always  towards  the  north- 
west, and  of  the  southerly  towards  the  south-east  But  the 
points  from  which  the  winds  blow  are  not  more  constant  here 
than  in  the  former,  viz.  variable  five  or  six  points.  Besides, 
the  times  of  the  change  of  these  winds  are  not  the  same  as  in 
the  Chinese  seas,  but  about  a  month  or  six  weeks  later. 

7*  That  these  contrary  winds  do  not  shifl  f^  at  once ;  but 
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in  some  places  the  time  of  the  change  is  attended  with  calms, 
in  others  with  variable  winds  ;  and  it  is  particularly  remark- 
ablcy  that  the  end  of  the  westerly  monsoon  on  the  coast  of 
Coromandel,  and  the  last  two  months  of  the  southerly  mon- 
soon in  the  seas  of  China,  are  very  subject  to  be  tempestuous ; 
the  violence  of  these  storms  is  such,  that  they  seem  to  be  of 
the  nature  of  the  West  India  hurricanes,  and  render  the  na- 
vigation of  these  parts  very  unsafe  about  that  time  of  the  year. 
These  tempests  are  by  our  seamen  usually  termed,  the  break- 
mg  up  of  the  monsoons.  By  reason  of  the  shifting  of  these 
winds,  such  as  sail  in  these  seas  are  obliged  to  observe  the 
seasons  proper  for  their  voyages ;  of  which,  if  they  miss,  and 
the  contrary  monsoon  sets  in,  they  are  forced  to  give  up  the 
hopes  of  accomplishing  their  intended  voyage  till  the  winds 
become  favourable. 

ni.  The  third  ocean,  called  Mare  Pacificum,  whose  extent 
is  equal  to  that  of  the  other  two,  is  that  which  is  least  known 
to  our  own  or  the  neighbour  nations ;  what  navigation  there 
IS  on  it,  is  by  the  Spaniards,  who  go  yearly  from  the  coast  of 
New  Spain  to  the  Manillas,  and  that  onl^  by  one  beaten  track. 
What  the  Spanish  authors  say  of  the  wmds  they  find  in  their 
courses,  and  which  is  confirmed  by  the  old  accounts  of  Drake 
and  Cavendish,  and  since  by  Schooten,  who  sailed  the  whole 
breadth  of  this  sea  in  the  south  latitude  of  15®  or  16^  is, 
that  there  is  a  great  conformity  between  the  winds  of  this 
sea  and  those  of  the  Atlantic  and  Ethiopic  seas ;  that  is, 
that  to  the  northward  of  the  equator,  the  predominant  wind 
b between  the  east  and  north-east;  and  to  the  southward 
thereof,  there  is  a  constant  steady  gale  between  the  east  and 
south-east ;  and  that  on  both  sides  the  line,  with  so  much 
constancy,  that  they  scarcely  ever  need  to  attend  the  sails ; 
and  with  such  strength,  that  it  is  usual  to  cross  this  vast 
ocean  in  ten  weeks*  time,  which  is  about  ISO  miles  a  day; 
besides,  it  is  said  that  storms  and  tempests  are  never  known 
in  these  parts ;  so  that  some  have  thought  it  might  be  as 
short  a  voyage  to  Japan  and  China,  to  go  by  the  Straits  of 
Magellan,  as  by  iJie  Cape  of  Good  Hope. 


MaihenuUicdl  Principles  of  Natural  Philosophy,  By  fsAAC 
NEWTONy  Ltuxisian  Professor  of  Mathemaiics  at  Caanbridge. 
Analysed  by  Dr.  Halley, 

This  treatise  is  divided  into  three  books,  whereof  the  first 
two  are  entitled  De  Motu  Corporum,  the  third  De  Systemate 
Mundi.     The  &*8t  begins  with  definitions  of  the  te|ms  made 
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use  of,  and  distinguishes  time,  space,  place,  and  motion,  into 
absolute  and  relative,  real  and  apparent,  mathematical  and 
vulgar :  showing  the  necessity  of  such  distinction.  To  these 
definitions  are  subjoined  the  laws  of  motion,  with  several 
corollaries  from  them ;  as  concerning  the  composition  and 
resolution  of  any  direct  force  out  of,  or  into  any  oblique 
forces,  by  which  the  powers  of  all  sorts  of  mechanical  engines 
are  demonstrated ;  the  laws  of  the  reflection  of  bodies  in 
motion  afler  their  collision  ;  and  the  like. 

These  necessary  praecognita  being  delivered,  our  author 
proceeds  to  consider  curves  generated  by  the  composition  of 
a  direct  impressed  motion  with  a  gravitation  or  tendency 
towards  a  centre :  and  having  demonstrated  that  in  all  cases 
the  areas  at  the  centre,  described  by  a  revolving  body,  are 
proportional  to  the  times,  he  shows  how,  &om  the  curve 
described,  to  find  the  law  or  rule  of  the  decrease  or  increase 
of  the  tendency  or  centripetal  forces  as  he  calls  it,  in  dif- 
ferent distances  firom  the  centre. 

Of  this  ^ere  are  several  examples  r  as,  if  the  curve 
described  be  a  circle  passing  through  the  centre  of  tendency ; 
then  the  force  or  tendency  towards  that  centre  is  in  all  points 
as  the  fifth  power,  or  squared-tube,  of  the  distance  from  it 
reciprocally:  if  in  the  proportional  spiral,  reciprocally  as  the 
cube. of  the  distance :  if  m  an  ellipse  about  the  centre  of  it, 
directly  as  the  dist^ce.  If  in  any  of  the  conic  sections 
about  die  focus,  then  he  demonstrates  that  the  vis  centripeta, 
or  tendency  towards  that  focus,  is  in  all  places  reciprocally 
as  the  square  of  the  distance  from  it ;  and  that  according  to 
the  velocity  of  the  impressed  motion,  the  curve  described  is 
an  hyperbola ;  if  the  body  moved  be  swifl  to  a  certain  degree^ 
then  a  parabola ;  if  slower,  an  ellipse,  or  a  circle  in  one  case* 
From  this  sort  of  tendency  or  gravitation  it  follows,  likewise, 
that  the  squares  of  the  times  of  the  periodical  revolutions 
are  as  the  cubes  of  the  radii  or  transverse  axes  of  the  ellipses. 

All  which  being  found  to  agree  with  the  phaenomena  of  the 
celestial  motions,  as  discovered  by  the  great  sagacity  and 
diligence  of  Kepler,  our  author  extends  himself  upon  the 
consequences  of  this  sort  of  vis  centripeta ;  showing  how  to 
find  the  conic  section  which  a  body  shsdl  describe  when 
projected  with  any  velocity  in  a  given  line,  supposing  the 
quantity  of  the  said  force  known :  and  laying  down  several 
neat  constructions  to  determine  the  orbs,  either  from  the 
focus  given,  and  two  points  or  tangents ;  or,  without  it,  by 
five  points  or  tangents,  or  any  number  of  points  and  tangents, 
makmg  together  five.    He  then  shows  how,  from  the  time 
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gives,  to  find  the  point  in  a  given  orbit  answering  to  it; 
vriiich  he  performs  accurately  in  the  parabola,  and,  by  concise 
approximations,  comes  as  near  as  he  pleases  in  the  ellipse 
and  hyperbola:  all  which  are  problems  of  the  highest 
concern  in  astronomy. 

Next  he  lays  down  the  rules  of  the  perpendicular  descent 
of  bodies  towards  the  centre,  particularly  in  the  case  where 
the  tendency  to  it  is  reciprocally  as  the  square  of  the 
distance;  and  generally  in  all  other  cases,  supposing  a 
general  quadrature  of  curve  lines :  upon  which  supi>osition, 
likewise,  he  delivers  a  general  method  of  discovering  the 
orbits  described  by  a  body  moving  in  such  a  tendency 
towards  a  centre,  increasing  or  decreasing  in  any  given 
relation  to  the  distance  from  the  centre  ;  and  then  with  great 
subtilty  he  determines  in  all  cases  the  motion  of  the  apse8» 
or  of  the  points  of  greatest  distance  from  the  centre,  in  all 
these  curves,  in  such  orbits  as  are  nearly  circular.  Showing 
the  apses  fixed,  if  the  tendency  be  reciprocally  as  the  square 
of  the  distance ;  direct  in  motion,  in  any  ratio  between  the 
square  and  the  cube  ;  and  retrograde,  if  under  the  square  : 
which  motion  he  determines  exactly  from  the  rule  of  the 
increase  or  decrease  of  the  vis  centripeta. 

Next  the  motion  of  bodies  in  given  surfaces  is  considered, 
as  likewise  the  oscillatory  motion  of  pendules ;  where  it  is 
shown  how  to  make  a  pendulum  vibrate  always  in  equal 
times,  though  the  centre  or  point  of  tendency  be  never  so 
near ;  to  which,  the  demonstration  of  Mr.  Huygens  de 
Cycloide  is  but  a  corollary.  And  in  another  proposition  is 
shown  the  velocity  in  each  point,  and  the  time  spent  in  each 
part  of  the  arch  described  by  the  vibrating  body.  After 
this,  the  effects  of  two  or  more  bodies,  towards  each  of  which 
there  is  a  tendency,  is  considered ;  and  it  is  made  out  that 
two  bodies,  so  drawing  or  attracting  each  other,  describe 
about  the  common  centre  of  gravity  curve  lines,  like  to  those 
they  seem  to  describe  about  each  other.  And  of  three 
bocues,  attractmg  each  other,  reciprocally  as  the  square  of 
the  distance  between  their  centres,  the  various  consequences 
are .  considered  and  laid  down,  in  several  corollaries  of  great 
use  in  explaining  the  phsenomena  of  the  moon's  motions,  the 
flux  and  reflux  of  the  sea,  the  precession  of  the  equinoctial 
points,  and  the  like. 

This  done,  our  author,  with  his  usual  acuteness,  proceeds 
to  examine  mto  the  causes  of  this  tendency  or  centripetal 
force,  which,  from  undoubted  arguments,  is  uiowntobemall 
the  great  bodies  of  the  universe.    Here  he  finds  that  if  a 
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Sphere  be  composed  of  an  infinity  of  atoms,  each  of  which 
have  a  power  which  decreases  in  duplicate  proportion  of  the 
distance  between  them  ;  then  the  whole  congeries  shall  have 
the  like  tendency  towards  its  centre,  decreasing,  in  spaces 
without  it,  in  duplicate  proportion  of  the  distances  from  the 
centre;  and  decreasing  within  its  surface,  as  the  distance 
from  the  centre  directly ;  so  as  to  be  greatest  on  the  surface, 
and  nothing  at  the  centre :  and  though  this  might  suffice, 
yet  to  complete  the  argument,  there  is  laid  down  a  method 
to  determine  the  forces  of  globes  composed  of  particles  whose 
tendencies  to  each  other  decrease  in  any  other  ratio  of  the 
distances ;  which  speculation  is  carried  on  likewise  to  other 
bodies  not  spherical,  whether  finite  or  indeterminate.  Lastly, 
is  proposed  a  method  of  explaining  the  refiractions  and  reflec- 
tions of  transparent  bodies,  from  the  same  principles ;  and 
several  problems  solved  of  the  greatest  concern  in  the  art  of 
dioptrics. 

Hitherto  our  author  has  considered  the  effects  of  com- 
pound motions  in  non-resisting  media,  or  wherein  a  body 
once  in  motion  would  move  equally  in  a  direct  line,  if  not 
diverted  by  a  supervening  attraction  or  tendency  towards 
some  other  body.  Here  is  demonstrated  what  would  be  the 
consequence  of  a  resistance  from  a  medium,  either  in  the 
6im*ple  or  duplicate  ratio  of  the  velocity,  or  else  between 
both :  and  to  complete  this  argument,  is  laid  down  a  general 
method  of  determining  the  density  of  the  medium  in  all 
places,  which,  with  a  uniform  gravity  tending  perpendicularly 
to  the  plane  of  the  horizon,  shall  make  a  project  move  in  any 
curve  hne  assigned ;  which  is  the  10th  prop.  lib.  2.  Then 
the  circular  motion  of  bodies  in  resisting  medm  is  determined, 
and  it  is  shown  under  what  laws  of  decrease  of  density  the 
circle  will  become  a  proportional  spiral.  Next,  the  density 
and  compression  of  fluids  is  considered,  and  die  doctrine  of 
hydrostatics  demonstrated;  and  here  it  is  proposed  to  the 
contemplation  of  natural  philosophers,  whether  the  surprising 
phaenomena  of  the  elasticity  of  me  air,  and  some  other  fluids, 
may  not  arise  from  their  being  composed  of  particles  which 
fly  each  other ;  which  being  rather  a  physical  than  mathe- 
matical enquiry,  our  author  forbears  to  discuss. 

Next,  the  opposition  of  the  medium,  and  its  effects  on  the 
vibrations  of  the  pendulum,  are  considered,  which  is  followed 
by  an  enquiry  into  the  rules  of  the  opposition  to  bodies,  as 
their  bulk,  shape,  or  density  may  be  varied :  here  with  great 
exactness  is  an  account  given  of  several  experiments  tried 
with  pendula,  in  order  to  verify  the  foregoing  speculation, 
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and  to  detennine  the  quantity  of  the  air's  opposition  to  bodies 
moving  in  it. 

From  hence  he  proceeded  to  the  undulation  of  fluids,  the 
laws  whereof  are  here  laid  down,  and  by  them  the  motion 
and  propagation  of  light  and  sound  are  explained.  The  last 
section  of  this  book  is  concerning  the  circular  motion  of 
fluids,  wherein  the  nature  of  their  vortical  motions  is  con- 
sidered ;  and  from  thence  the  Cartesian  doctrine  of  the 
vortices  of  the  celestial  matter  Carrying  with  them  the  planets 
about  the  sun  is  proved  to  be  altogether  impossible. 

The  third  and  last  book  is  entided  Of  the  System  of  the 
World,  wherein  the  demonstrations  of  the  two  former  books 
are  applied  to  the  explication  of  the  principal  phaenomena  of 
nature:  here  the  verity  of  the  h3rpothesis  of  Kepler  is 
demonstrated ;  and  a  full  resolution  given  to  all  the  difficulties 
tliat  occur  in  the  astronomical  science ;  they  being  nothing 
else  but  the  necessary  consequences  of  the  sun,  earth,  moon, 
and  planets,  having  all  of  them  a  gravitation  or  tendency 
towards  their  centres  proportional  to  the  quantity  of  matter 
in  each  of  them,  and  whose  force  abates  in  duplicate  propor- 
tion of  the  distance  reciprocally. 

Here,  likewise,  are  indisputably  solved  the  appearances  of 
the  tides,  or  flux  and  reflux  of  the  sea ;  and  the  spheroidical 
figure  of  the  earth  and  Jupiter  determined,  from  which  the 
precession  of  the  equinoxes,  or  rotation  of  the  earth's  axis,  is 
made  out,  together  with  the  retrocession  of  the  moon's 
nodes,  the  quantity  and  inequalities  of  whose  motion  are  here 
exactly  stated  k  priore.  Lastly,  the  theory  of  the  motion  of 
comets  is  attempted  with  such  success,  that  in  an  example  of 
the  great  comet  which  appeared  in  168^,  its  motion  is  comi 
puted  as  exactly  as  we  can  pretend  to  give  the  places  of  the 
primary  planets ;  and  a  general  method  is  here  laid  down  to 
state  and  determine  the  trajectorius  of  comets,  by  an  easy 
geometrical  construction ;  upon  supposition  that  those  curves 
are  parabolic,  or  so  near  it  that  the  parabola  may  serve  with- 
out sensible  error;  though  it  be  more  probable,  says  our 
author,  that  the&e  orbits  are  elliptical,  and  that  after  long 
periods  comets  may  return  again.  But  such  ellipses  are,  by 
reason  of  the  immense  distance  of  the  foci,  and  smallness  of 
the  latus  rectum,  in  the  parts  near  the  sun  where  comets 
appear,  not  easily  distinguished  from  the  curve  of  the 
parabola ;  as  is  proved  by  the  example  produced. 

The  whole  book  is  interspersed  with  lemmas  of  general  use 
in  geometry,  and  several  new  methods  applied,  which  are  well 
worth  the  considering ;  and  it  may  be  justly  said^  that  so 


9S  BURNING  MIRROR. 

many  and  so  valuable  philosophical  truths,  as  are  herein 
discovered  and  put  past  dispute,  were  never  yet  owing  to  the 
capacity  and  industry  of  any  one  man  whatever. 

On  the  Effects  of  a  Bummg  Speculum^  latdy  made  in 
Germany.-^  [1687.] 

The  outer  circle  of  this  concave  burning  speculum  is  near 
three  Leipsic  ells  in  diameter,  and  was  made  of  a  copper 
plate  scarcely  twice  as  thick  as  the  back  of  an  ordinary  knife ; 
and  may  therefore  be  easily  removed  from  place  to  place, 
and  ordered  for  use.  The  polish  of  it  is  very  good,  and 
represents,  by  distinct  reflections,  all  those  appearances  which 
arise  from  its  concave  figure. 

The  force  of  this  speculum  in  burning  is  incredible.  For, 
1.  A  piece  of  wood,  put  in  the  focus,  flmnes  in  a  moment,  so 
as  a  fresh  wind  can  hardly  put  it  out.  2.  Water,  applied 
in  an  earthen  vessel,  presently  boils ;  and  the  vessel  being 
held  there  some  time,  the  water  evaporates  all  away.  3.  A 
piece  of  tin,  or  lead  three  inches  thick,  as  soon  as  it  is  put 
m  the  focus,  melts  away  in  drops,  and  held  there  a  little 
time  is  in  a  perfect  fiuor,  so  as  in  two  or  three  minutes  to  be 
quite  pierced  through.  4.  A  plate  of  iron  or  steel  placed  in 
the  focus  is  immediately  seen  to  be  red  hot ;  and  soon  after 
a  hole  is  burnt  through.  5.  Copper,  silver,  and  the  like, 
applied  to  the  focus,  melt  in  five  or  six  minutes.  6.  Tilings 
not  apt  to  melt,  as  stones,  brick,  and  the  like,  soon  become 
red  hot  like  iron.  ?•  Slate  at  first  is  red  hol^  but  in  a  few 
minutes  turns  mto  a  fine  sort  of  black  glass,  of  which  if  any 
part  be  taken  in  the  tongs,  and  drawn  out,  it  runs  into  glass 
threads.  8.  Tiles  which  had  suffered  the  most  intense  heat 
of  fire,  in  a  little  time  melt  down  into  a  yellow  glass ;  as  do,  9. 
Pot-shreads,  not  only  well  burnt  at  first,  but  much  used  in  the 
fire,  into  a  blackish-yellow  elass.  10.  Pumice-stone,  said  to 
be  that  of  burning  mountains,  in  this  solar  fire,  melts  into  a 
white  transparent  glass.  1 1 .  A  piece  of  a  very  strong  crucible 
put  in  the  focus  in  eight  minutes  was  melted  into  a  glass. 
\%  Bones  turned  into  a  kind  of  opake  glass,  and  a  clod  of 
earth  into  a  yellow  or  greenish  glass. 

It  was  tried  what  efrect  the  beams  of  the  full  moon,  con- 
centred with  this  speculum,  would  have,  at  the  time  when 
she  was  at  her  greatest  attitude ;  but  there  was  not  found 
any  degree  of  heat,  though  the  light  was  much  increased* 
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An  Estimate  of  the  Quantity  of  Vapour  ratsed  out  of  the  Sea 
hy  the  Warmth  of  the  Sun.    By  E.  Halley.  —  [1687.] 

We  took  a  pan  of  water,  about  four  inches  deep,  and 
seven  -^  inches  diameter,  in  which  was  placed  a  ther- 
mometer, and  by  means  of  a  pan  of  coals,  we  brou^t  th^ 
water  to  the  same  de^ee  of  heat,  which  is  observed  to  be 
that  of  the  air  in  our  hottest  summers ;  the  thermometer 
nicely  showing  it.  This  done,  we  affixed  the  pan  of  water, 
with  the  thermometer  in  it,  to  one  end  of  the  beam  of  the 
scales,  and  exactly  counterpoised  it  with  weights  in  the 
other  scale,  and  by  the  application  or  removal  of  the  pan  of 
coals,  we  found  it  very  easy  to  maintain  the  water  in  the 
same  degree  of  heat  precisely.  Doing  thus,  we  found  the 
weight  of  the  water  sensibly  to  decrease ;  and  at  the  end  of 
two  hours  we  observed  that  there  wanted  half  an  ounce  troy^, 
all  but  seven  grains,  or  233  grains  of  water,  which  in  that 
time  had  gone  off  in  vapour;  though  one  could  hardly 
perceive  it  smoke,  and  the  water  not  sensibly  warm.  This 
quantity  in  so  short  a  time  seemed  very  considerable,  being 
little  less  than  six  ounces  in  24*  hours,  from  so  small  a  sur&ce 
as  a  circle  of  eight  inches  diameter. 

If,  therefore,  water  as  wfurm  as  the  air  in  summer,  exhales 
the  thickness  of  a  60th  part  of  an  inch  in  two  hours  from  its 
whole  sur&ce,  in  12  hours  it  will  exhale  the  -^^  of  an  inch ; 
which  quantity  will  be  found  abundantly  sufficient  to  serve 
for  all  the  rains,  springs,  and  dews,  and  account'  for  the 
Caspian  seas  bein^  always  at  a  stand,  neither  wasting  nor 
overflowing ;  likewise  for  the  curr^it  said  to  set  always  in  at 
the  Straits  of  Gibraltar,  though  those  Mediterranean  seas 
receive  so  many  and  so  ccmsiderable  rivers. 

Upon  this  supposition,  every  10  square  inches  of  the 
surface  of  the  water  yields  in  vapour  per  diem  a  cubic  inch  of 
water ;  and  each  square  foot  half  a  wme  pint ;  every  space  of 
four  feet  square,  a  gallon ;  a  mile  square,  6914  tons ;  a  square 
degree,  supposed  of  69  English  miles,  will  evaporate  33 
millions  of  tons ;  and  if  the  Mediterranean  be  estunated  at 
4*0  degrees  long  and  four  broad,  allowances  being  made  for 
the  places  where  it  is  broader  by  those  where  it  is  narrower 
(and  I  am  sure  I  guess  at  the  least),  there  w^  be  160  square 
degrees  of  sea ;  and,  consequently,  the  whole  Mediterranean 
must  lose  in  vapour,  in  a  summer's  day,  at  least  5280  millions 
of  tons.  And  this  quantity  of  vapour,  though  very  great,  is 
as  little  as  can  be  concluded  from  the  experiment  produced* 
And  yet  there  remains  another  causes  which  cannot  be 
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reduced  to  rule,  I  mean  the  winds,  whereby  the  surface  of 
the  water  is  licked  up  sometimes  faster  than  it  exhales  by  the 
heat  of  the  sun  ;  as  is  well  known  to  those  who  have  con- 
sidered those  drying  winds  which  blow  sometimes. 

The  Mediterranean  receives  these  considerable  rivers,  the 
Iberus,  the  Rhone,  the  Tiber,  the  Po,  the  Danube,  the 
Neister,  the  Borysthenes,  the  Tanais,  and  the  Nile,  all  the 
rest  being  of  no  great  note,  and  their  quantity  of  water 
inconsiderable.  These  nine  rivers,  we  will  suppose  each  of 
them  to  bring  down  10  times  as  much  water  as  the  rivet 
Thames,  not  that  any  of  them  is  so  great  in  reality,  but  to 
comprehend  with  them  all  the  small  rivulets  that  fall  into  the 
sea,  which  otherwise  I  know  not  how  to  allow  for. 

To  calculate  the  water  of  the  Thames,  I  assume  that  at 
Elingston  bridge,  where  the  flood  never  reaches,  and  the 
water  always  runs  down,  the  breadth  of  the  channel  is  100 
yards,  and  its  depth  three,  it  being  reduced  to  an  equality ; 
in  both  which  suppositions  I  am  sure  I  take  with  the  most. 
Hence  the  profile  of  the  water  in  this  place  is  300  square 
yards  ;  this  multiplied  by  48  miles,  which  I  allow  the  water 
to  run  in  24f  hours,  at  two  miles  an  hour,  or  84',480  yards, 
gives  25,344<,000  cubic  yards  of  water,  to  be  evacuated  every 
day ;  that  is,  20,300,000  tons  per  diem ;  and  I  doubt  not  but 
in  the  excess  of  my  measures  of  the  channel  of  the  river,  I 
have  made  more  than  sufficient  allowance  for  the  waters  of 
the  Brent,  the  Wandel,  the  Lea,  and  Darwent,  which  are  all 
that  are  worth  notice,  that  fall  into  the  Thames  below 
Kingston. 

Now  if  each  of  the  aforesaid  nine  rivers  yield  10  times  as 
much  water  as  the  Thames  does,  it  will  foUow  that  each  of 
them  yields  but  20,300,000  of  tons  per  diem,  and  the  whole 
nine  but  1,827,000,000  of  tons  in  a  day;  which  is  but  little 
more  than  -^  of  which  is  proved  to  be  raised  in  vapour  out  ot 
the  Mediterranean  in  12  hours'  time. 


On  the  Circulation  of  the  WaJbry  Vapours  qf^  SeOy  and  the 
Origin  of  Springs.  By  Mr.  E.  Halley.^  [1690-1.] 
Some  time  since  I  showed  an  experiment  of  the  quantity  of 
water  raised  in  vapour  from  the  surface  of  the  sea  in  a  day's 
time,  which  was  so  far  approved  by  some  honourable  members 
of  this  Society,  that  I  have  received  their  commands  to  prose- 
cute those  enquiries,  and  particularly  in  relation  to  the  method 
used  by  nature  to  return  the  said  vigours  again  into  the  sea ; 
which  is  so  justly  performed,  that  in  many  hundreds  of  years 
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we  are  sufficiently  assured  that  the  sea  has  not  sensibly  de- 
creased by  the  loss  in  vapour,  nor  yet  abounded  by  the 
immense  quantity  of  fresh  water  it  receives  continually  from 
the  rivers.  To  demonstrate  this  equilibrium  of  receipt  and 
expence  in  the  whole  sea»  is  a  task  too  hard  for  me  to  under- 
take, yet  in  obedience  to  those  whom  I  have  the  honour  to 
serve  I  shall  here  offer,  what  to  me  has  hitherto  seemed  the 
most  satisfactory  account  of  this  grand  phenomenon.  I  have 
formerly  attempted  to  explain  the  manner  of  the  rising  of 
vapour  by  warmth,  by  showing  that  if  an  atom  of  water  were 
expanded  into  a  shell  or  bubble,  so  as  to  be  ten  times  as  large 
in  diameter  as  when  it  was  water,  such  an  atom  would  become 
specifically  lighter  than  air,  and  rise  as  long  as  that  flatus,  or 
warm  spirit,  that  first  separated  it  from  the  mass  of  water, 
shall  continue  to  distend  it  to  the  same  degree ;  but  that 
warmth  decreasing,  and  the  air  growing  cooler,  and  so  speci- 
fically lighter,  the  vapours  consequently  will  stop  at  a  certain 
region  of  the  air,  or  else  descend;  which  may  happen  on 
several  accounts,  as  will  appear  below.  Yet  I  assert  not  that 
this  is  the  only  principle  of  the  rise  of  vapours,  and  that  there 
may  not  be  a  certain  kind  of  matter  whose  conatus  may  be 
contrary  to  that  of  gravity;  as  is  evident  in  vegetation, 
wherein  the  tendency  of  the  sprouts  is  directly  upwards,  or 
against  the  perpendicular.  But  whatever  be  the  true  cause, 
it  is  in  fact  certain  that  warmth  does  separate  the  particles  of 
water,  and  emit  them  with  a  greater  velocity  as  the  heat  is 
more  intense,  as  is  evident  in  the  steam  of  a  boiling  cauldron, 
wherein  likewise  the  velocity  of  the  ascent  of  the  vapours 
visibly  decreases  till  they  disappear,  being  dispersed  into  and 
assimilated  with  the  ambient  air.  Vapours  being  thus  raised 
by  warmth,  let  us,  in  the  first  place,  suppose,  that  the  whole 
surface  of  the  globe  were  all  water  to  a  great  depth,  or 
rather,  that  the  whole  body  of  the  earth  were  water,  and  that 
the  sun  had  its  diurnal  course  about  it.  It  would  follow,  that 
the  air  of  itself  would  imbibe  a  certain  quantity  of  aqueous 
vapours,  and  retain  them  like  salts  dissolved  in  water ;  that 
the  sun  warming  the  air,  and  raising  more  plentiful  vapours 
from  the  water  in  the  day-time,  the  air  would  sustain  a  greater 
proportion  of  them,  as  warm  water  will  hold  more  dissolved 
salts,  which,  upon  the  absence  of  the  sun  in  the  nights,  would 
be  fdl  again  discharged  in  dews,  analogous  to  the  precipitation 
of  salts  on  the  cooling  of  the  liquors ;  nor  is  it  to  be  thought 
that  in  such  case  there  would  be  any  diversity  of  weather, 
other  than  periodically,  every  year  alike ;  the  mixture  of  all 
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terrestrial,  saline,  heterogeneous  vapours  bemg  taken  awav  i 
which,  as  they  are  variously  compounded,  and  brought  by  the 
winds,  seems  to  be  the  causes  of  those  various  seasons  which 
we  now  find.  In  this  case  the  region  of  air,  every  where  at 
the  same  height,  would  be  equally  replenished  with  the  pro* 
portion  of  water  it  could  contain,  regard  being  only  to  be  had 
to  the  different  degree  of  warmth,  from  the  nearness  or  dis- 
tance of  the  sun ;  and  an  eternal  east  wind  would  blow  all 
round  the  globe,  inclining  only  to  the  same  side  of  the  east,  as 
liie  latitude  does  from  the  equator,  as  is  observed  in  the  oceao 
between  the  tropics. 

The  Mediterranean  is  interspersed  with  wide  and  spacious 
tracts  of  land,  with  high  ridges  of  mountains,  as  the  Pyrenean, 
the  Alps,  the  Apennine,  the  Carpathian  in  Europe ;  Taurus, 
Caucasus,  Imaus,  and  several  others  in  Asia;  Adas,  and  the 
Montes  lAms,  with  other  unknown  ridges  in  Africa,  whence 
come  the  Nile,  the  Niger,  and  the  Zaire ;  and  in  America  the 
Andes,  and  the  Apalatean  mountains,  each  of  which  far  sur- 
pass the  usual  height  to  which  the  aqueous  vapours  of  them- 
selves ascend,  and  on  the  tops  of  which  the  air  is  so  cold  and 
rarefied,  as  to  retain  but  a  small  part  of  those  vapours  brought 
thither  by  the  winds.  Those  vapours,  thererore,  that  are 
raised  copiously  in  the  sea,  and  by  the  winds  carried  over  the 
low  lands  to  those  ridges  of  mountains,  are  there  compelled 
by  the  stream  of  the  air  to  mount  up  with  it  to  the  tops  of 
the  mountains,  where  the  water  presently  precipitates,  gleet- 
ing  down  by  the  crevices  of  the  stone,  and  part  of  the  vapour 
entering  into  the  caverns  of  the  hills,  they  are  collected,  as  in 
an  alembic,  into  the  basins  of  stone  they  find  there,  which 
being  once  filled,  all  the  overplus  of  water  that  comes  thither 
runs  over  by  the  lowest  place,  and  breaking  out  by  the  sides 
of  the  hills  forms  single  springs ;  many  of  these  running 
down  by  the  valleys  or  guts  between  the  ridges  of  hills,  imd 
coming  to  unite,  form  little  rivulets  or  brooks ;  many  of  these 
again  meeting  in  one  common  valley,  and  gaining  the  plains, 
being  grown  less  rapid,  they  become  a  river ;  and  many  of 
these  being  united  in  one  common  channel,  make  such 
streams  as  the  Rhine,  the  Rhone,  and  the  Danube ;  which 
latter  one  would  hardly  think  the  collection  of  water  con- 
densed out  of  vapour,  unless  we  consider  how  vast  a  tract  of 
ground  that  river  drains,  and  that  it  is  the  aggregate  of  idl 
tiiose  springs  which  break  out  on  the  south  side  of  the  Car- 
pathian mountains,  and  on  the  north  side  of  the  immense 
ridge  of  the  Alps, 'which  is  one  continued  chain  of  mountains 
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from  Switzerland  to  the  Black  Sea.  And  it  mav  generally 
pass  for  a  rule,  that  the  magnitude  of  a  river,  or  the  quantity 
o£  water  it  discharges,  is  proportionable  to  the  length  and 
height  of  the  ridges,  from  whence  its  fountains  arise. 

Thus,  then,  is  one  part  of  the  vapours,  blown  upon  the  land^ 
returned  by  the  rivers  into  the  sea,  from  whence  they  came* 
Another  part,  by  the  cool  of  the  night,  falls  in  dews,  or  else 
in  rains,  again  into  the  sea,  before  it  reaches  tlie  land,  which 
is  by  much  the  greatest  part  of  the  whole  vapour,  because  of 
the  gi'eat  extent  of  the  ocean,  which  the  motion  of  the  winds 
does  not  traverse  in  a  very  long  space  of  time.  And  this  is 
the  reason  why  the  rivers  do  not  return  so  much  into  the 
Mediterranean  as  is  extracted  in  vapour.  A  third  part  falls 
on  die  lower  lands,  and  is  the  pabulum  of  plants,  where  yet  it 
does  not  rest,  but  is  again  exhaled  in  vapour  by  the  action  of 
the  sun,  and  is  either  carried  by  the  winds  to  the  sea,  to  fall 
in  rain  or  dew  there,  or  else  to  the  mountmns,  to  be  there 
turned  into  Sjprings;  and  though  this  does  not  immediately 
happen,  yet  aner  several  vicissitudes,  of  rising  in  vapour  and 
&lling  in  rain  or  dews,  each  particle  of  the  water  is  at  length 
returned  to  the  sea  from  whence  it  came.  Add  to  this,  that 
the  rain  waters,  after  the  eaxih  is  fully  sated  with  moisture, 
by  the  valleys  or  lower  parts  of  the  earth  finds  its  way  into 
the  rivers,  and  so  is  compendiously  sent  back  to  the  sea. 

After  this  manner  is  the  circulation  performed,  and  I  doubt 
not  but  this  hypothesis  is  more  reasonable  than  that  of  those 
who  derive  .all  springs  from  the  rain  waters,  which  yet  are 
perpetual  and  without  diminution,  even  when  no  rain  falls  for. 
a  long  space  of  time ;  or  than  tliat  which  derives  them  from  a 
filtration  of  the  sea  waters  through  certain  imaginary  tubes  or 
passages  within  the  eartli,  wherein  they  lose  their  saltness. 
This  latter  hypothesis,  besides  many  others,  labours  imder 
tliis  principal  absurdity,  that  the  greatest  rivers  have  their 
most  copious  fountains  &rthest  from  the  sea,  and  whither  so 
great  quantities  of  fresh  water  cannot  reasonably  be  derived 
any  other  way  than  in  vapour.  This,  if  we  may  allow  final 
causes,  seems  to  be  the  design  of  the  hills,  that  their  ridges 
being  placed  through  the  midst  of  the  continents,  might  serve 
as  it  were  for  alembics  to  distil  fresh  water  for  the  use  of  man 
Rnd  beast,  and  their  heights  to  give  a  descent  to  those  streams 
to  run  gently,  like  so  many  veins  of  the  macrocosm,  to  be  the 
more  beneficial  to  the  creation. 

Now  this  theory  of  springs  is  not  a  bare  hypothesis,  but 
founded  on  experience,  which  it  was  my  luck  to  gain  in  my 
stay  at  St.  Helena,  where  in  the  night-time,  on  the  tops  of 
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the  hillB,  about  800  yards  above  the  sea,  there  was  so  strange 
a  condensation,  or  rather  precipitation  of  the  vapours,  that  it 
was  a  great  impediment  to  my  celestial  observations ;  for  in 
the  clear  sky  the  dew  would  fal^  so  fast  as  to  cover,  each  half 
<)uarter  of  an  hour,  my  glasses  with  little  drops,  so  that  I  was 
necessitated  to  wipe  them  so  oflen,  and  my  papers  on  which  I 
wrote  my  observations  would  immediately  be  so  wet  with  the 
dew,  that  it  would  not  bear  ink. 


A  Letter  from  Hans  Sloane,  M.D.^  with  Accounts  of  the 
Earthqtuzhee  in  Peru,  Oct.  20.  1687;  and  at  Jamaica, 
Feb.  19. 1687-8 ;  and  June  7. 1692.  —  [1693-4?.] 
No.  I.  A  Letter  from  Father  Alvarez  de  Toledo,  a  Fran- 
ciscan  Friar,  dated,  Oct.  29.  1687.  —  Oct.  20.  at  4  o'clodt  in 
the  morning  came  on  a  dreadful  earthquake  and  noise,  by 
which  some  houses  fell,  and  some  persons  were  killed  under 
their  ruins.  At  Giye  o'clock  the  same  morning  was  another 
shake,  with  the  like  noise.  At  six  o'clock  the  aforesaid  morn- 
ing, when  we  thought  we  had  been  all  in  safety,  came  another 
shake,  with  great  fury  and  rushing  noise  ;  the  sea  with  great 
bellowings  rushed  beyond  its  bounds,  the  bells  rang  of  them- 
selves, and  every  building  thrown  down.  Callao,  Canete» 
Pisco,  Chancay,  and  Los  Chorillos,  are  all  ruined.  More 
than  5000  dead  bodies  are  found,  and  more  are  found  daily, 
so  that  their  number  is  not  known. 

No.  II.  Si/  Zh,  Shane. —  The  inhabitants  of  Jamaica 
expect  an  earthquake  every  year.  Some  are  of  opinion,  that 
they  follow  the  great  rains.  One  of  them  happened  on 
Sunday  the  19th  of  Feb.  1687-8,  about  eight  in  the  morning. 
I  found  in  a  chamber,  one  story  high,  tlie  cabinets  and  se- 
veral other  moveables  on  the  floor  to  reel,  as  if  people  had 
raised  the  foundations  of  the  house.  Being  in  a  high  brick 
house,  I  made  what  haste  I  could  to  get  out ;  but  before  I 
had  passed  through  two  rooms,  and  got  to  the  stair-case,  it 
was  over.  It  came  by  shocks ;  there  were  three  of  them, 
with  a  little  pause  between.  It  lasted  about  a  minute  of  time 
in  all ;  and  tiiere  was  a  small  noise  accompanied  it.  This  was 
generally  felt  all  over  the  island  at  the  same  time,  or  near  it : 
some  houses  therein  being  cracked  and  very  near  ruined, 
others  being  uncovered  of  their  tiles  ;  very  few  escaped  some 
injury.     The  ships  in  the  harbour  at  Port-Royal  felt  it. 

No.  III.  On  the  terrible  Earthmwhe  at  P&rt-Rcyal,  in 
Jamaica,  June  7. 1692.  —  The  terr3>le  earthquake  which  hap- 
pened the  7th  instant,  between  11  and  12  o'dpck  at  noon. 
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shook  down  and  drowned  nine  tenths  of  the  town  of  Port^ 
Boyal  in  two  minutes'  time,  and  all  near  the  wharf-side  in  less 
than  one  minute;  very  few  escaped  there.  I  lost  all  my 
people  and  goods,  my  wife  and  two  men,  Mrs.  B.  and  her 
daughter.  One  white  maid  escaped,  who  gave  me  an  ac- 
count, that  her  mistress  was  in  her  closet,  two  pair  of  stairs 
high,  and  she  was  sent  into  the  garret,  where  was  Mrs.  B. 
and  her  daughter,  when  she  felt  the  earthquake,  and  bid  her 
take  up  her  child  and  run  down ;  but  turning  about,  met  the 
water  at  the  top  of  the  garret  stairs ;  for  the  house  sunk  down 
right,  and  is  now  near  30  feet  under  water.  My  son  and  I 
went  that  morning  to  Liguania :  the  earthquake  took  us  in 
^e  mid-way  between  that  and  Port-Royal,  where  we  were 
near  being  overwhelmed  by  a  swifl  rolling  sea,  six  feet  above 
the  surface,  without  any  wind;  but  being  forced  back  to 
Liguania,  I  found  all  the  houses  even  with  the  ground.  Tlie 
earth  continues  to  shake  five  or  six  times  in  24  hours,  and 
often  troubling.  Great  part  of  the  mountains  fell  down,  and 
fidl  daily. 

No.  IV.  From  Jamaica^  dated  Sept  23. 1692.  —  We  have 
had  a  dreadful  mortality  since  the  great  earthquake  (for  we 
have  little  ones  daily) ;  almost  half  the  people  that  escaped 
at  Port-Royal  are  since  dead  of  a  malignant  fever,  from  the 
change  of  air,  want  of  dry  houses,  warm  lodging,  proper 
medicines,  and  other  conveniences. 

No.  y.  Another  Account  of  the  Earthqtiake  of  Jtme  7. 
1692.  —  Great  part  of  Port-Royal  is  sunk ;  so  that  where  the 
wharfs  were  is  now  some  fatnoms  of  water :  all  the  street 
where  the  church  stood  is  overflowed,  that  the  water  stands 
as  high  as  the  upper  rooms  of  those  which  are  standing.  The 
earth  when  it  opened  and  swallowed  up  people,  some  rose  in 
.  other  streets,  some  in  the  middle  of  the  harbour,  and  w^re 
saved ;  though,  at  the  same  time,  I  believe  there  were  lost 
about  2000  whites  and  blacks.  At  the  north  about  1000 
acres  of  land  sunk,  and  13  people  with  it;  all  our  houses 
thrown  down  all  over  the  island,  that  we  were  forced  to  Hve 
in  huts.  The  two  great  mountains  at  the  entering  into 
Sixteen-Mile- Walk  fell  and  met,  and  stopped  the  river,  so  that 
it  was  dry  from  that  place  to  the  Ferry  for  a  whole  day ;  and 
vast  quantities  of  fish  taken  up,  which  was  greatly  to  the 
relief  of  the  distressed.  At  Yellows  a  great  mountain  split, 
and  fell  into  the  level  land,  and  covered  several  settlements, 
and  destroyed  19  white  people.  One  of  the  persons,  whose 
naipe  was  Hopkins,  had  his  plantation  removed  half  a  mile 
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^om  the  place  where  it  formerly  stood.  Of  all  wells,  from  k 
fathom  to  six  or  seven,  the  water  flew  out  at  the  top,  by  the 
great  motion  of  the  earth.  Since  then,  it  has  continued 
shaking  sometimes  two  or  three  times  in  a  day.  Our  people 
settled  a  town  at  Liguania  side,  and  there  are  about  500 
graves  already,  and  people  every  day  are  dying  still. 

No.  VI.  From  the  same  Place,  and  on  the  same  Earthquake. 
—  On  Tuesday,  the  7th  of  June,  1692,  between  11  and  12  at 
noon,  at  Port-Royal,  we  felt  the  house  shake,  and  saw  the 
bricks  begin  to  rise  in  the  floor.  Immediately  we  ran  out,  and 
saw  the  houses  swallowed  up,  or  thrown  on  heaps.  The  sand 
in  the  street  rose  like  the  waves  of  the  sea,  lifting  up  all 
persons  that  stood  upon  it,  and  immediately  dropping  down 
mto  pits ;  and  at  the  same  instant  a  flood  of  water  rushed  in, 
throwing  down  all  who  were  in  its  way ;  some  were  seen 
catching  hold  of  beams  and  rafters  of  houses,  others  were 
found  in  the  sand  that  appeared  when  the  water  was  drained 
away,  with  their  legs  and  arms  out.  As  soon  as  the  shock 
was  over,  I  endeavoured  to  go  towards  my  house,  on  the  ruins 
of  the  houses  that  were  floating  on  the  water,  but  could  not: 
at  length  I  got  a  canoe,  and  rowed  up  the  great  sea-side 
towards  my  house,  where  I  saw  several  men  and  women  float- 
ing upon  the  wreck  out  at  sea ;  and  taking  in  as  many  as  I 
could,  I  rowed  on  till  I  came  where  I  thought  my  house  had 
stood,  but  could  not  hear  of  either  my  wife  or  family.  Next 
morning  I  went  from  one  ship  to  another,  till  at  length  I  met 
with  my  wife  and  two  of  my  negroes.  She  told  me,  when 
she  felt  the  house  shake,  she  ran  out,  and  called  all  within  to 
do  the  same  :  she  was  no  sooner  out,  but  the  sand  lifted  up : 
and  her  negro  women  grasping  about  her,  they  both  dropped 
into  the  earth  together ;  and  at  the  same  instant  the  water 
coming  in,  rolled  them  over  and  over,  till  at  length  they 
caught  hold  of  a  beam,  where  they  hung,  till  a  boat  came  from 
a  Spanish  vessel,  and  took  them  up. 

Several  ships  were  overset  and  lost  in  the  harbour,  and 
some  thrown  on  the  land.  A  hideous  rumbling  was  heard  in 
the  mountains ;  so  that  it  frightened  many  negroes  ,that  had 
been  run  away  some  months  from  their  masters,  and  made 
them  return,  and  promise  never  to  run  away  again.  The 
water  that  issued  from  the  Saltpans  Hills  forced  its  passage 
out  from  the  hill  in  20  or  30  several  places ;  some  with  such 
violence,  that  had  so  manjr  sluices  been  drawn  up  at  once, 
they  could  not  have  run  with  greater  force,  and  most  of  them 
six  or  seven  yards  high  from  the  foot  of  the  hill ;  and  the 
water  was  brackish.    It  continued  running  that  afternoon,  all- 
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nighty  and  till  n^t  morning  ftbout  sun^rige,  at  which  time  the 
Saltpans  were  ^uite  overflowed. 

The  mountams  between  Spanish  Town  and  Sixteen-Mile- 
Walk,  as  the  way  lies  along  the  river,  about  the  mid-waj  they 
are  almost  perpendicular;  those  two  mountains,  in  the  violent 
shake  of  the  earthquake,  joined  together,  which  stopped  the 
passage  of  the  river,  and  forced  it  to  seek  another,  which  was 
a  great  way  in  and  out  among  the  woods  and  savannas  ;  and 
it  was  nine  days  before  the  town  had  any  relief  from  it:  inso- 
much that  before  it  came,  the  people  were  in  thoughts  of 
removing  into  the  country,  concludmg  it  had  been  sunk,  as 
Port-Royal  was.  The  mountains  along  the  river  are  so  thrown 
on  heaps,  that  all  people  are  forced  to  go  by  Guanaboa  to 
Sixteen-Mile-Walk. 

The  mountains  at  Galloes  fared  no  better  than  those  of 
Sixteen-Mile-Walk,  a  great  part  of  one  of  them  falling  down, 
drove  all  the  trees  before  it ;  and  at  the  foot  of  the  mountain 
there  was  a  plantation  that  was  wholly  overthrown  and  burled 
in  it. 

No.  VIL  Some  more  Pariieulars  of  ^  same.  —  As  to  the 
mountains  in  Leguanee,  they  fell  in  several  places,  and  in 
some  very  steep ;  but  the  steepest  mountain  l^at  we  heard 
fall,  was  that  at  Gallowes,  which  occasioned  much  damage. 
The  water  in  the  streets  of  Port-Royal  did  not  spout  up,  as 
you  have  heard ;  but  in  the  violent  shake  the  sand  cracking 
and  opening,  in  several  places  where  people  stood,  they  sunk 
into  it ;  and  the  water  boiled  out  of  the  sand,  that  covered 
many,  and  saved  others. 

No.  VIII*  Some  other  PardculaTs  of  the  «am^.— -The  year 
1692  began  in  Jamaica  with  very  dry  and  hot  weather,  which 
continu^  till  May,  when  there  was  very  blowing  weather, 
and  much  rain  to  the  end  of  the  month,  &om  which  time,  till 
the  time  of  the  earthquake,  it  was  very  hot,  calm,  and  dry ; 
'and  on  Tuesday  the  7th  of  June,  about  40  minutes  past  eleven 
in  the  forenoon,  it  being  then  a  very  hot  and  fine  day,  scarcely 
a  doud  to  be  seen  in  the  sky,  or  a  breath  of  air  to  be  felt, 
ha{^ned  that  great  shake,  so  fatal  to  this  place,  and  to  the 
whole  island,  v^ich,  for  its  violence  and  strange  effects,  may 
perhaps  be  compftred  with  the  greatest  that  ever  yet  hap- 
pened in  the  world,  and  may  as  well  deserve  the  memory  of 
future  ages. 

•It  began  with  a  small  trembling,  so  as  to  make  people  think 
there  was  an  earthquake,  which  thoughts  were  imn^ediately 
confirmed  by  a  second  shake  something  stronger,  accom-    ^^' 
panied  all  the  whUe  with  a  hollow  rumbling  noise,  almost  like     1^ 
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that  of  thunder,  which  made  them  begin  to  run  out  of  their 
houses.  But,  alas  !  this  was  but  short  warning  for  them  to 
provide  for  their  safety ;  for  immediately  succeeded  the  third 
shock,  which  in  less  than  a  minute's  time  shock  the  very 
foundation  of  Port-Royal,  so  that  at  least  two  parts  in  three 
of  the  houses,  and  the  ground  whereon  they  stood,  and  most 
part  of  those  who  inhabited  them,  all  sunk  at  once  quite 
under  water :  and  on  the  place  which  was  left,  and  is  now 
standing,  shook  down  and  shattered  the  houses  in  so  violent 
a  manner,  that  at  our  landing  it  looked  like  a  heap  of  rublMsh, 
scarcely  one  house  in  ten  left  standing,  and  those  so  cracked 
and  shattered,  that  but  few  of  them  were  fit,  or  thought  safe 
to  live  in.  All  those  trees  which  were  next  the  water,  to- 
wards the  harbour-side  where  there  were  excellent  wharfs, 
close  to  which  ships  of  700  tons  might  lie  and  deliver  their 
lading,  where  were  the  best  store-houses  and  conveniences 
for  merchants,  where  were  brave  stately  buildings,  where  the 
chief  men  of  the  place  lived,  and  which  were  in  all  respects 
the  principal  parts  of  Port-Royal,  now  lie  in  four,  six,  or  eight 
fathoms  water.  That  part  which  is  now  standing  is  part  of 
the  end  of  that  neck  of  land  which  rims  into  the  sea,  and 
inakes  this  harbour,  and  is  now  a  perfect  island ;  the  whole 
neck  of  land  from  the  port  of  Port-Royal  now  standing,  to  the 
pallisadoes,  or  other  end  of  Port-Royal  towards  the  land, 
which  is  above  a  quarter  of  a  mile,  being  quite  discontinued 
and  lost  in  the  earthquake;  and  is  now  also,  with  all  the 
houses,  quite  under  water.  This  part  of  Port-Rojral  which  is 
now  standing  is  said  to  stand  upon  a  rock :  but,  alas !  the 
i^range  rents  and  tearings  of  the  mountains  here  sufficiently 
evince,  that  rocks  and  sand  are  equally  unable  to  withstand 
the  force  of  a  violent  earthquake.  The  ground  heaved  and 
swelled  like  a  rolling  swelling  sea ;  by  which  means  several 
houses  now  standing  ^ere  shuffled  and  moved  some  yards 
from  their  places. 

One  whole  stree)  is  said  to  be  twice  as  broad  now  as 
before  the  earthqi^e ;  and  in  many  places  the  ground  would 
crackle,  and  opien  and  shut  quick  and  fast :  of  which  small 
openings  have  been  seen  200  or  300  at  one  time,  in  some 
whereof  many  peodie  were  swallowed  udT;  some  the  earth 
caught  by  the  middle,  and  squeezed  to  cleath  ;  the  heads  of 
others  only  appeared  above  ground;  some  were  swallowed 
quite  down,  and  cast  up  again  by  great  quantities  of  water ; 
others  went  down,  and  were  never  more  seen.  These  were 
the  smallest  openings.  Others,  that  were  larger,  swallowed 
up  great  houses ;  and  out  of  some  gapings  would  issue  whole 
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rivers  of  water,  spouted  up  a  great  height  into  tlie  air,  which 
seemed  to  threaten  a  deluge  to  that  part  of  Port-Royal  which 
the  earthquake  seemed  to  favour,  accompanied  with  offensive 
smells,  b^  means  of  which  openings,  and  the  vapours  at  that 
time  emitted  from  the  earth  into  the  air,  the  sky,  which  be- 
f<M*e  was  clear  and  blue,  was  in  a  minute's  time  become  dull 
and  reddish,  looking  like  a  red-hot  oven. 

All  these  dreadful  circiHustances  occurring  at  once,  accom- 
panied  with  prodigious  loud  noises  from  the  mountains,  occa- 
sioned by  their  falling,  &c  and  also  a  hollow  noise  under 
ground,  and  people  running  from  one  place  to  another  dis- 
tracted with  fear,  made  the  whole  so  terrible,  that  people 
thought  the  dissolution  of  the  whole  frame  of  the  world  was 
at  hand.  Indeed,  it  is  Ynelancholy  now  to  see  the  chimnies 
and  tops  of  some  houses,  and  the  masts  of  ships,  appear  abov^ 
water ;  and  when  one  first  comes  ashore,  to  see  so  many  heaps 
of  ruins  ;  to  see  so  many  houses  shattered,  some  half  fallen 
down,  the  rest  desolated  and  without  inhabitants;  to  see 
where  houses  have  been  swallowed  up,  some  appearing  half 
above  ground,  and  of  others  the  chimnies  only ;  but  above  all, 
to  stand  on  the  sea-shore,  and  to  look  over  that  part  of  the 
neck  of  land,  which  for  above  a  quarter  of  a  mile  was  quite 
swallowed  up ;  there,  where  once  brave  streets  of  stately 
houses  stood,  appearing  now  nothing  but  water,  except  here 
and  there  a  diimney,  and  some  parts  and  pieces  of  houses. 

And  though  Port-Royal  was  so  great  a  sufferer  by  the 
earthquake,  yet  it  left  more  houses  standing  there  than  in  all 
the  island  besides,  all  over  which  it  was  said  to  ra^e  more 
furiously  than  at  Port-Royal ;  for  it  was  so  violent  in  other 
places,  that  people  could  not  keep  their  legs,  but  were  thrown 
on  the  ground,  where  they  lay  on  their  faces  with  their  arms 
and  legs  spread  out,  to  prevent  being  tumbled  and  thrown 
about  by  the  almost  incredible  motion  of  the  earth,  like  that 
of  a  great  sea.  It  scarcel3r  left  a  planter  s  house  or  sugar- 
work  standing  all  over  the  island :  I  think  it  left  not  a  house 
standing  at  Passage-Fort,  and  but  one  in  all  Liganee,  and 
none  in  St.  Jago,  except  a  few  low  houses,  built  by  the  wary 
Spaniards.  And  it  is  not  to  be  doubted,  but  that  had  there 
been  500  or  5000  towns  in  Jamaica,  the  earthquake  would 
have  ruined  every  one.  In  several  places  in  the  country  the 
earth  gaped  prodigiously  on  the  north  side,  the  planters* 
houses,  with  tiie  greatest  part  of  their  plantations,  were  swal- 
lowed, houses,  people,  trees,  all  up  in  one  gape ;  instead  of 
which,  appeared  for  some  time  after  a  great  pool  or  lake  of 
water,  covering  above  1000  acres,  which  is  smce  dried  up, 
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and  now  is  nothing  but  a  loose  sand  or  gravel,  without  any 
.  the  least  mark  left  whereby  one  may  jud^  that  there  ever 
had  stood  a  tree,  house,  or  any  thing  else. 

In  Clarendon  precinct  the  earth  gaped,  and  spouted  up  with 
a  prodigious  force  great  quantities  of  water  into  the  air,  above 
12  miles  from  the  sea ;  and  all  over  the  island  there  were 
abundance  of  gapings  of  the  earth,  many  thousands.  But  in 
the  mountains  are  said  to  be  the  most  violent  shakes  of  all ; 
and  it  is  a  generally  received  opinion,  that  the  nearer  to  the 
mountains,  the  greater  the  shake.  Indeed,  they  are  strangely 
torn  and  rent ;  insomuch,  that  they  seem  to  be  of  quite  dif- 
ferent shapes  now  from  what  they  were,  especially  the  blue, 
and  other  high  mountains  ;  thus  breaking  one  mountain,  and 
thereof  making  two  or  three ;  and  joining  two  mountains,  and 
making  there^  one,  closing  up  the  unhappy  valley  between. 
And  at  Yallowes  particularly,  some  families,  who  lived  be- 
tween two  mountains,  were  shut  up  and  buried  under  them. 
•Not  fiax  from  which  place,  part  of  a  mountain,  after  having 
made  several  leaps  or  moves,  overwhelmed  a  whole  family, 
and  great  part  of  a  plantation,  lying  a  mile  off.  And  a  large 
high  mountain,  near  Port-Morant,  near  a  day's  journey  over^ 
is  said  to  be  quite  swallowed  up;  and  in  the  place  where  it 
stood  there  is  now  a  great  lake  of  four  or  five  leagues  over. 
Those  things  happened  in  lower  mountains  :  but  in  the  blue 
mountains,  and  the  neighbouring  ones,  ftom  whence  came 
those  dreadful  roarings,  tert-ible  and  amazing  to  all  that 
heard  them,  may  be  reas(mably  supposed  to  be  many  strange 
alterationn  of  the  like  nature :  but  those  wild  desert  places, 
being  very  rarely  or  never  visited  by  any  persons,  we  are  yet 
ignorant  of  what  happened  there ;  but  the  astonishmg  noises 
that  came  from  thence,  and  their  miserable,  shattered  ap- 
pearance, show  what  havoc  has  been  there  made.  There 
one  may  see  where  the  tops  of  great  mountains  have  fallen, 
aweepinff  down  all  the  trees,  and  •  every  thing  in  their  way, 
and  making  a  path  quite  from  top  to  bottom;  and  other 
f^es  which  seem  to  be  peeled  and  bare  a  mile  together ; 
which  vast  pieces  of  mountains,  with  all  the  trees  thereon, 
falling  together  in  a  huddled  and  confused  manner,  stopped 
up  most  of  the  rivers  for  about  24  hours ;  which  afterwards 
havmg  found  out  new  passages,  brought  down  into  the  sea, 
and  this  harbour,  several  hundred  thousand  tons  of  timber, 
which  would  sometimes  float  in  the  sea  in  such  prodigious 
quantities,  that  they  looked  like  moving  islands.  I  have  seen 
several  of  those  lai^  trees  on  this  shore,  all  deprived  of  their 
bark  and  branches,  and  generally  very  much  J;om  by  the 
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rocliy  passages,  throc^h  which,  uy  the  force  c£  a  fUifaig 
stream,  and  their  own  weight,  they  might  he  suppoied  to  be 
driven.  One  great  trunk  of  a  tree,  particularly,  I  have  seen 
pressed  as  a  sugar-cane  after  it  has  passed  the  mill. 

Some  are  oi  opinion  that  the  mountains  are  sunk  «  little, 
and  are  not  so  high  as  they  were :  others  think  tSie  whole 
island  is  sunk  something  by  die  earthquake.  Port*Royal  is 
said  to  be  sunk  a  foot ;  and  in  many  places  in  Liganee,  I  have 
j»een  t^  are  wells,  which  require  not  so  long  a  rope  to  draw 
water  out  of  them  now,  as  before  the  earthquakei  by  two  or 
three  feet,  which  seems  a  sort.of  proof,  that  either  the  land  is 
sunk  or  the  sea  risen,  the  former  of  which  seems  most  proba- 
ble. Two  gentlemen  happened  at  the  time  of  the  earth- 
quake to  be  in  Liganee,  by  the  sea-side ;  where  at  the  time 
of  the  great  shake  the  sea  retired  from  the  land  in  such  sort, 
that  for  200  or  300  yards  the  bottom  of  the  sea  appeared 
dry,  whereon  they  saw  lie  several  fish,  some  of  which  one 
of  the  gentlemen  ran  and  took  up,  and  in  a  minute  or 
two  after  the  sea  rapidly  returned  again,  and  overflowed  ' 
great  part  of  the  shore.  At  Yallhouse  the  sea  is  said  to  have 
retired  above  a  mile.  It  is  thought  there  were  lost  in  all 
parts  of  the  island  2000  people;  and  had  the  shodc  hi^^iened 
in  the  night,  very  few  would  have  escaped  alive  ;  and  those 
that  had  would  in  all  probability  have  been  knocked  in  the 
head  by  the  negroes,  and  the  island  to  all  intents  and  pm> 
poses  quite  ruined. 

It  is  observed,  that  since  the  earthquake,  the  land-breezes 
often  £Bal  us,  and  instead  thereof,  the  sea-breezes  often  blow 
all  night;  a  thing  rarely  known  before,  but  since  ccmimcHi. 
In  Port-Royal,  and  in  many  places  all  over  the  island,  much 
sulphureous  combustil^e  matter  has  been  found,  supposed  to 
have  been  thrown  out,  on  the  opening  of  the  earth,  which  on 
the  first  touch  of  fire  would  flame  and  bum  like  a  candle. 

After  the  great  shock,  those  who  escaped  got  on  board  the 
ships  ill  the  harbour,  where  many  continued  about  two 
months  after :  the  shocks  all  that  time  were  violent,  and  flre- 
quent;  sometimes  two  or  three  in  an  hour's  time,  accompanied 
with  firightful  noises,  both  from  under  the  earth,  and  from  tlus 
continual  falling  and  breaking  of  the  mountains. 


Account  of  the  Giants'  Causeway^  in  the  North  ^  Irdomd. 
By  the  Rev.  Dr.  Samuel  Foley.  —  [1694.] 
Thb  Giants'  Causeway  is  about  eight  English  miles  north- 
east from  the  town  of  Col^rain,  and  about  tl^e^^om  the 
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Bush-Mills,  almost  directly  north.  It  runs  from  the  bottom 
o£b,  hi^h  hill  into  the  sea,  how  far  is  not  known ;  but  at  low- 
water  its  length  is  about  600  feet,  and  its  breadth  in  the 
broadest  place  240  feet,  in  the  narrowest  120  feet;  it  is  also 
very  unequal  in  height,  being  in  some  places  about  36  feet 
high  above  the  level  of  the  strand,  and  in  other  places  about 
15  feet 

It  consists  of  many  thousand  pillars,  which  stand  mostly 
perpendicular  to  the  plane  of  the  horizon,  and  close  to  one 
another ;  but  we  could  not  discern  whether  they  run  down 
under  ground  like  a  quarry  or  not  Some  of  the  pillars  are 
very  long,  and  higher  than  the  rest ;  others  short  and  broken : 
some  for  a  pretty  large  space  of  an  equal  height,  so  that  their 
tops  make  an  even,  plane  surface ;  many  of  them  are  imper- 
fect, cracked,  and  irregular;  others  entire,  uniform,  and 
handsome,  and  these  of  different  shapes  and  sizes. 

We  found  none  square,  but  almost  all  pentagonal,  or  hex- 
agonal ;  only  a  few  had  seven  sides ;  and  many  more  penta- 
gons then  hexagons ;  but  they  are  all  irregular,  none  liaving 
their  sides  of  equal  breadth ;  some  of  the  pillars  are  15,  some 
18  inches,  some  again  two  feet  in  diameter ;  none  of  them 
are  one  entire  stone,  but  every  pillar  consists  of  several  joints 
or  pieces,  of  which  some  are  six,  some  12,  some  18  inches, 
some  two  feet  deep.  These  pieces  lie  close  .upon  one  an- 
other, not  joining  with  flat  surfaces,  but  one  of  them  is  always 
concave  in  the  middle,  the  other  convex.  These  joints  are 
not  always  placed  alike ;  for  in  some  pillars  the  convexity  is 
always  upwards^  and  in  others  it  is  always  downwards.  They 
always  lie  as  close  as  possible  for  one  stone  to  lie  on  another, 
MO  that  on  the  outside  of  the  pillars  you  can  only  discern  the 
crack  that  joins  the  two  stones.  When  you  force  them  asun- 
der, both  the  concave  and  convex  surfaces  are  very  smooth, 
as  are  also  the  sides  of  the  pillars,  which  touch  each  other, 
being  of  a  whitish  free-stone  colour,  but  a  finer  and  closer 
grit ;  whereas  on  breaking  some  pieces  off  them,  the  inside 
appears  like  dark  marble. 

The  pillars  stand  so  close  one  to  another,  that  a  knife  can 
hardly  be  thrust  in  between  their  sides ;  and  though  some 
have  five  sides,  and  others  of  them  six,  yet  their  contexture 
is  so  adapted,  that  there  is  no  vacuity  between  them :  the 
inequality  of  the  numbers  of  the  sides  of  the  pillars  being 
often  in  a  very  surprising  and  wonderful  manner,  throughout 
the  whole  causeway,  compensated  by  the  inequality  of  the 
breaddis  and  angles  of  those  sides ;  so  that  tlie  whole  at  a 
little  distance  looks  very  regular ;  and  where  in  many  places 
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ft  good  number  of  the  pillars  are  e3uu:tlY  of  the  same  height, 
the  superficies  of  their  tops  looks  very  like  the  payements  that 
are  in  some  gentlemen's  halls. 

Every  single  pillar  retains  its  own  thickness,  and  angles, 
and  sides,  from  top  to  bottom.  Those  which  seem  to  be  en- 
tire, as  they  were  originally,  are  at  the  top  flat  and  rough ; 
those  which  lie  low  to  the  sea  are  washed  smooth  ;  and  others, 
that  seem  to  have  their  natural  tops  blown  or  washed  off,  are 
some  concave,  and  others  convex. 


Aocouni  of  the  Mischief  which  befell  the  Inhabitants  of  the  Isle 
of  Soreoy  near  the  Moluccas.  —  [1695.] 

In  the  beginning  of  the  easterly  season,  the  isle  of  Sorea, 
situated  towards  the  south-east  of  these  islands,  consisting  for 
the  most  part  of  one  mountain,  which  now  is  more  terribly 
shaken  than  ever  before,  casting  out  abundance  of  fire  and 
smoke,  only  with  some  short  intermissions.  And  when  the 
easterly  wind  had  blown  about  six  or  seven  weeks,  till  about 
the  4th  of  June,  the  inhabitants  being  almost  so  far  used  to 
the  trembling  and  casting  up  of  fire  that  they  were  careless, 
the  mountain  Sorea  began  early  in  the  morning  to  cast  out 
more  fire  than  ordinary,  which  continued  for  five  or  six  days, 
during  which  it  was  cUtrk  and  cloudy  weather,  till  at  last  it 
brought  forth  not  only  a  most  prodigious  flame,  but  also  such 
a  black  and  sulphureous  vapour,  that  the  inhabitants  of  Hislo, 
a  village  in  the  western  part  of  the  island,  and  nearest  to  the 
opening  of  the  mountain,  were  wholly  covered  by  it,  and  after* 
wards  followed  a  whole  stream  of  burning  brimstone,  which 
consumed  many  that  could  not  escape.  Afterwards  the  in- 
habitants perceived  that  a  part  of  the  mountain  was  sunk 
down,  and  three  or  four  days  after  another  part ;  and  so  from 
time  to  time,  until  the  burning  lake  was  become  almost  half 
the  space  of  the  island.  Wherefore  the  inhabitants  went  on 
board  their  vessels  and  boats,  from  whence  they  perceived 
that  huge  pieces  of  the  mountain  fell  into  this  fiery  lake,  as 
into  a  bottomless  pit,  with  a  most  prodigious  noise,  as  if  a 
large  cannon  were  discharged.  It  was  remarkable,  that  the 
more  vehement  the  fire  was,  the  less  the  island  was  shaken. 

The  inhabitants  of  another  town,  called  Woroe,  upon  the 
east  side  of  the  island,  not  tldnking  themselves  in  so  great 
danger,  the  opening  or  fiery  lake  being  yet  at  some  distance, 
remained  a  month  longer,  until  they  saw  the  same  continually 
approaching  them  :  they  observed  that  when  great  pieces  fell 
down,  and  that  the  hJce  became  wider,  the  noise  was  so  much 
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the  greater^  so  that  they  saw  no  likelihood  but  that  all  the 
island  would  be  swallowed  up ;  wherefore  they  unanimously 
transported  themselves  to  Banda,  leaving  all  their  moveables 


for  want  of  vessels. 


On  Cht/lification.  By  Mr.  William  Cowfsb. — [  1696.] 
The  cutting-teeth  are  first  employed  in  dividing  the  food. 
When  a  proportionable  piece  is  thus  taken  into  the  mouth, 
the  lower  jaw  is  variously  moved  by  its  proper  muscles,  and 
mastication  is  begun,  and  carried  on  by  the  assistance  of 
the  tongue,  cheeks,  and  lips ;  the  first  two  still  applying  the 
less  divided  parts  of  the  aliment  to  the  dentes  molares,  till 
there  is  an  equal  comminution  of  all  its  parts.  At  the  same 
time  several  of  the  muscles,  employed  in  the  motion  of  the 
lower  jaw,  are  also  serviceable  in  promoting  the  saliva  or 
i^ittle,  separated  from  the  blood  by  the  parotid  glands ;  those 
of  the  lower  jaw,  and  under  the  tongue  into  the  mouth;  the 
salival  glands  of  the  cheeks  and  lips  also  contributing  their 
juices,  do  altogether  join  with  the  masticated  aliment,  before 
or  at  the  same  time  it  is  made  fit  to  be  swallowed;  which 
action  is  called  deglutition. 

Deglutition  b  thus  performed :  the  aliment,  as  well  what 
is  fluid  as  that  masticated,  being  lodged  on  the  tongue,  which 
somewhat  hollows  itself,  by  means  of  its  own  proper  muscidar 
fibres,  for  the  more  commodious  entertaining  the  larger  quan* 
tity,  its  tip  and  sides  are  applied  to  the  insides  of  all  the  teeth 
of  the  upper  jaw,  the  tongue  is  suddenly  drawn  up  by  the 
musculi  styloglossi  and  myloglossus,  together  with  those 
muscles  which  pull  the  os  hyoides  upwards,  at  the  same  time 
^ie  &uces  are  also  drawn  up,  and  their  cavity  enlarged  by 
the  musculi  stylopharyngei ;  and  about  two  thirds  of  the 
superior  surfiuie  of  the  tongue  is  adequately  applied  to  the 
roof  of  the  mouth ;  the  epiglottis,  from  its  position  being 
oonsequendy  depressed,  thereby  covers  the  glottis  or  rimula 
o£  the  larynx,  and  prevents  any  part  of  the  aliment  firom  de- 
scending into  the  windpipe.  In  this  part  of  the  action  of 
deglutition,  the  glands  under  the  tongue,  and  excretory  ducts 
of  those  of  the  lower  jaw,  are  compressed,  and  their  separated 
liquors  or  spittle  discharged  by  their  papillae,  situated  at  the 
lower  part  of  the  frsenum  or  ligament  of  the  tongue ;  and  this 
is  done  by  the  musculus  mylohyoideus.  When  the  aliment  is 
thus  forced  into  the  fauces,  or  upper  part  o£  the  gula,  at  the 
same  time  the  gargareon,  with  the  uvula,  are  drawn  upwards 
and  backwards  by  the  musculi  i^hsenostaphyli,  by  which  means 
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aay  part  of  the  aliment  is  hindered  frmn  ascending  inio  tho 
foramina  narium ;  the  fauces  by  the  musculus  pt^gopharyn^ 
geus  and  oesophageus  are  contracted ;  by  which  the  aliment  is 
not  only  compressed  into  the  gula,  but  the  matter  separated 
fhmi  the  l^ood  by  the  glands  of  the  fauces,  especially  of  tho9e 
large  ones  called  tonsillffi^  is  forced  out  of  their  cells  or  ex- 
cretory ducts,  to  join  with  it  in  its  descent  to  the  stomach 
by  the  gi^  through  which  latter  it  passes,  by  the  action  of 
its  muscular  fibres. 

The  aliment,  thus  impregnated  with  saliva  in  masticatioii 
and  deglutition,  being  received  into  the  stomach,  there  meets 
with  a  juice  separated  from  the  blood  by  the  glands  of  that 
part,  whose  excretory  ducts  open  into  the  cavity  of  the  sto* 
mach  3  by  the  commixture  of  these  liquors,  whether  of  the 
saliva  or  juice  of  the  stomach,  a  proper  menstruum  is  ooai« 
posed,  by  which  the  partsi  of  the  aliment  are  still  more  and 
more  divided,  by  its  insiniiatmg  into  their  pores,  by  which 
the  air,  before  imprisoned  in  tkeir  less  divided  ports,  is  not 
only  more  disentangled,  but  by  the  natural  heat  it  must  ne* 
cessarily  suffer  such  a  rare&ction,  as  that  the  whole  stomach 
becomes  still  more  and  more  distended :  hence  it  is  we  have 
less  appetite  some  time  after  eatmg  tha&  we  had  imme* 
diately  after  i  hence  also  arise  those  frequent  eruetaticms 
from  divecs  aliments,  as  old  pease,  cabbage,  and  other  veget* 
ables.  Though  we  have  not  used  the  word  fermentation,  yet 
we  do  not  suppose  the  dissolution  of  the  aliment  wkhin  the 
stomach  can  be  done,  at  least  without  an  intestine  motion  of 
its  particles  with  the  menstruum :  but  we  have  omitted  that 
term,  because  it  may  be  apt  to  lead  us  into  an  idea  of  a  greater 
conflict  than  in  trutii  there  really  is. 

At  the  same  time,  when  this  mtumescence  aad  agitation  of 
the  matter  is  made  in  the  stomach,  the  contents  of  the  neigh- 
bouring  excretory  ducts,  viz.  the  bile  in  the  gall-bladder,  the 
liver  ducts,  and  the  pancreatic  juice ,  in  the  ductus  pancre- 
aticus,  are  -  compressed  into  me  duodenum,  through  the 
extension  of  the  stomach  itself:  the  refluent  blood  of  the 
stomach  at  that  instant  being,  in  some  measure,  retarded, 
whence  the. muscular  fibres  are  more  liable  to  be  contracted. 

Nor  can  we  ccmceive  how  the  liquor  of  the  stomach,  after 
uniting  with  the  saliva  and  aliment,  should  be  still  so  plenti- 
fully excreted  firom  the  glands  of  that  pert,  as  to  irritate  its 
internal  membrane,  and  excite  its  iduscular  fibres  to  contract, 
since  the  muscles  of  the  abdomen  would  in  like  manner,  as  in 
vomiting,  be  drawn  into  a  consent  of  co-operating,  and  the 
aliment  would  be  forctt>ly  rejected  by  the  moutk:  besides, 
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should  the  liquor  of  the  stomach  prove  so  prejudicial  in  chj- 
lification,  what  would  the  case  be,  immediately  on  the  dig* 
charge  of  all  its  contents.  The  irritation  the  stomach 
undergoes  in  hunger  appears  only  to  arise  from  an  accumu- 
lation of  the  saliva  in  the  stomach,  in  conjunction  with  the 
liquor  of  the  glands  of  that  part ;  hence  it  is  we  rather  dis- 
chiarge  the  spittle  at  that  time  by  the  mouth,  than  to  suffer 
any  more  of  it  to  descend  into  the  stomach  ;  hence  proceeds 
what  is  called  the  watering  of  the  mouth ;  hence,  also,  when 
the  saliva  is  vitiated,  the  appetite  is  depraved. 

The  stomach,  b^  means  of  its  muscular  fibres,  contracting 
itself,  gradually  discharges  its  contents  by  the  pylorus  into 
the  duodenum,  in  which  gut,  ailer  a  small  semicircular  de- 
scent, it  meets  with  the  pancreatic  juice  and  bile  ;  both 
which  joining  with  it,  renders  some  parts  of  the  aliment  more 
fluid,  by  still  disuniting  the  grosser  parts  from  the  more  pure ; 
and  here  chylification  is  made  perfect.  The  bile  which 
abounds  with  lixivial  salts,  and  is  apt  to  mix  with  the  grosser 
parts  of  the  concocted  aliment,  stimulates  the  guts,  and  de- 
terges or  cleanses  their  cavities  of  the  mucous  matter,  se- 
parated from  the  blood  by  glands  of  the  guts,  and  lodged  in 
their  cavities ;  which  not  only  moistens  the  insides  of  the 
guts  but  defends  the  mouths  of  the  lacteals  from  bein^  in- 
jured by  foreign  bodies,  which  often  pass  that  way. 

The  contents  of  the  intestines  moving  still  on  by  means  of 
the  peristaltic  or  wormlike  motion  of  the  guts,  whilst  those 
thinner  parts  fitted  for  the  pores  of  the  lacteal  vessels,  called 
chyle,  is  absorbed  by  them,  the  thicker  parts  move  still  more 
slowly  on,  and  by  the  many  stops  they  continually  meet 
with  oy  the  connivent  valves,  all  Ihe  chyle  or  thinner  parts 
are  at  length  entirely  absorbed ;  the  remains,  being  merely 
excrementitious,  are  only  fit  to  be  excluded  by  stool. 


Microscopical  Observations  of  vast  Numbers  of  Animalcules 
seen  in  Water.  By  John  Harrxs^  M*A.  JRector  of  Win- 
Chelsea.  —  [1696.] 

July  the  7th,  1694, 1  examined  a  small  drop  of  some  rain- 
water which  had  stood  in  a  gallipot  in  my  window  for  about 
two  months.  I  took  it  with  the  head  of  a  small  pin  from  the 
discoloured  sur&ce  of  the  water,  and  observed  in  it  four  sorts 
of  animals.  In  the  deat  part  of  the  drop  were  two  kinds» 
and  both  ver^  small  Some  were  of  die  figure  of  ants'  eggs ; 
these  were  m  contmual  and  swift  motion ;  and  I  find  that 
this  kind  of  oval  figure  is  the  most  common  to  the  animalcules 
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found  in  liquors.  The  other  species,  that  were  in  tiie  dear 
part  of  the  drop,  were  much  more  oblong ;  about  three  times 
as  long  as  broad;  these  were  exceedingly  numerous,  but 
their  motion  was  slow  in  comparison  of  the  former. 

In  the  thick  part  of  the  drop,  for  the  water  had  contracted 
a  thickish  scum,  I  found  also  two  species  of  animals :  as,  a 
kind  of  eels,  like  those  in  vinegar,  but  much  smaller,  and  widi 
their  extremities  sharper ;  these  would  wriggle  out  into  the 
dear  part,  and  then  suddenly  return  back  again,  and  hide  in 
the  thick  and  muddy  part  of  the  drop,  much  like  common 
eels  in  the  water.  I  saw  here  also  an  animal  like  a  large 
maggot,  which  would  contract  itself  up  into  a  spheri^ 
figiu'e,  and  then  stretch  itself  out  again ;  the  end  of  its  tail 
appeared  with  a  forceps,  like  that  of  an  ear-wig,  and  1  could 
plainly  see  it  open  and  shut  its  mouth,  from  whence  air« 
bubbles  would  frequently  be  discharged.  Of  these  I  could 
number  about  four  or  five,  and  they  seemed  to  be  busy  with 
their  mouths,  as  if  in  feeding. 

These  four  kinds  of  living  creatures  I  found  afl^wards 
also  in  many  other  drops  of  the  same  corrupted  water,  viz. 
in  its  film  or  scum,  which  was  on  the  surface;  for  under 
that,  in  the  lower  parts  of  the  water,  I  could  never  find  any 
animals  at  all,  unless  when  the  water  was  disturbed,  and  the 
surface  shaken  down  into,  and  mingled  with,  the  lower  parts. 

April  27th,  1696.  With  a  much  better  microscope  I 
examined  some  rain-water,  which  had  stood  uncovered  a 
pretty  while,  but  had  not  contracted  any  such  thick  and 
discoloured  scum  as  that  before  mentioned  had.  In  this, 
where  it  was  clear,  I  could  not  find  any  animals  at  all ;  but  a 
little  thin  white  scum,  which  like  grease  began  to  appear  oa, 
the  surface,  I  found  to  be  a  congeries  of  exceedingly  small 
animalcules  of  different  shapes  and  sizes,  much  like  those 
produced  by  steeping  barley  in  water. 

At  the  same  time  I  looked  on  a  small  drop  of  the  green 
sur&ce  of  some  puddle-water :  this  I  found  to  be  eUtogether 
composed  of  animals  of  several  shapes  and  magnitudes ;  but 
the  most  remarkable  were  those  which  I  found  gave  the 
water  that  green  colour,  and  were  oval  creatures,  whose 
middle  part  was  of  a  grass  green,  but  each  end  dear  and. 
transparent.  They  would  contract  and  dilate  themselves, 
tumble  over  and  over  many  times  together,  and  then  shoot 
away  like  fishes ;  their  head  was  at  their  broadest  end,  for; 
they  still  moved  that  way.  They  were  very  numerous,  l^ut^ 
yet  so  large,  that  I  could  distinguish  them  very  plainly  with 
a  glass  that  did  not  ma^ify  very  much.    Amon^ijiese  were 
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interi^persed  many  other  smaller  and  transparent  animalsj 
lJ]se  those  just  mentioned,  as  fomid  in  the  whitish  scum  that 
was  on  some  rain-water,  which  had  stood  a  while  uncovered. 

April  the  29th,  1696,  I  found  another  sort  of  creatures  in 
the  water,  some  of  which  I  had  kept  in  a  window  in  an  open 
glass.  They  were  as  large  as  three  of  the  others,  with  the 
green  border  about  their  middles,  but  these  were  perfectly 
clear  and  colourless. 

I  then  also  examined  more  accurately  the  belts  or  girdles 
of  green  which  were  about  the  above  animals,  and  found 
them  to  be  composed  of  globules  so  like  the  roes  or  spawn 
of  fishes,  that  I  could  not  but  fancy  they  served  for  the  same 
use  in  these  little  animals ;  for  I  found  now,  since  April  27., 
many  of  them  without  any  thing  at  all  of  that  green  belt  or 
girdle:  others  with  it  very  much,  and  that  unequally  di- 
minished, and  the  water  mled  with  a  vast  number  of  small 
animals,  which  before  I  saw  not  there,  and  which  I  now 
considered  as  the  young  animated  fry,  which  the  old  ones 
had  shed.  I  continued  looking  on  them  at  times,  for  two 
days,  during  which  time  the  number  of  the  old  ones,  witli 
the  green  girdles,  decreased  more  and  more ;  and  at  last  I 
could  not  see  one  of  them  so  encompassed,  but  they  were  all 
dear  and  colourless  from  end  to  end. 

May  the  IBth,  1696,  I  looked  on  some  of  the  surface  of 
puddle-water,  which  was  bluish,  or  rather  of  a  changeable 
colour,  between  blue  and  red.  In  a  large  quantity  of  it  I 
^und  prodigious  numbers  of  animals,  and  of  such  various 
Biases,  that  I  could  not  but  admire  their  great  number  and 
variety;  but  among  those  were  none  with  those  girdles 
before  mentioned,  either  of  green  or  any  other  colour. 

I  then  also  examined  the  surface  of  some  other  puddle- 
water,  that  looked  a  little  greenish  ;  and  this  I  found  stocked 
with  such  infinite  numbers  of  animals  as  I  never  yet  saw, 
except  in  the  genitura  masculmS  of  some  creatures.  Among 
these  there  were  many  of  a  greenish  colour,  but  they  all 
moved  about  so  swifUy,  and  were  so  near  to  each  other,  that 
I  could  not  distuiguish  whether  the  green  colour  were  all 
over  their  bodies,  or  whether  it  were  only  round  ^eir  middles 
in  ffirdles,  as  before ;  but  firom  the  roimdness  of  their  figure 
and  their  smallness,  I  judged  that  they  chiefly  consisted  of 
the  young  animated  spawn  of  the  above-mentioned  kind  of 
animals.  I  found  that  the  point  of  a  pin  dipped  in  spittle 
would  presently  kiU  them  alL 

In  the  surface  of  some  mineral  chalybeate  water,  which  had 
•toed  m  a  phial  unstopped  for  about  three  ii^ks,  I  saw  two 
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idnds  of  aninuils,  one  exceedingly  small,  and  the  other  very 
large ;  which  latter  sort  had  on  the  tail  something  like  fins : 
there  were  but  very  few  of  either  sort.  Tlie  compoimded  salt 
or  vitriol  of  the  water  was  shot  into  pretty  figures,  bat  all 
irregular.  They  looked  like  a  small  heap  of  little  sticks,  laid 
across  each  other  at  all  angles  and  positions,  only  they  were 
transparent,  and  a  little  greenish,  as  crystals  of  a  chalybeate 
nature  used  to  be. 

I  have  infused  whole  pepper-corns,  bay-berries,  oats,  barley, 
and  wheat,  in  water,  whose  scum,  amr  two  or  three  days, 
has  afforded  anunals,  as  has  been  often  already  found  by 
others,  at  least  as  to  some  of  them ;  but  I  found  the  greatest 
numbers  and  variety  in  wheat  and  barley-water,  and  the 
fewest  in  that  wherem  bay-berries  had  been  steeped. 

How  such  vast  numbers  of  animals  can  be  thus,  as  it  were 
at  pleasure,  produced,  without  having  recourse  to  equivocal 
generation,  seems  a  very  great  difficulty  to  account  for.  But 
though  the  solving  of  it  that  way  makes  short  work  of  the 
matter,  for  it  is  easy  enough  to  say  they  are  bred  there  by 
putrefaction,  yet  the  asserting  equivocal  generation  seems  to 
me  to  imply  more  absurdities  and  difficulties  than  perhaps 
may  appear  at  first  sight. 


On  the  great  Age  of  Henry  Jenkins  ;  in  a  LeUer  from  Mrs. 
Ann  Savik  to  Dr.  Tancred  Robinson,  FJt.S.  —  [1696.] 
When  I  came  first  to  live  at  Bolton,  it  was  told  me,  there 
lived  in  that  parish  a  man  near  150  years  old ;  that  he  had 
sworn  as  witness-in  a  cause  at  York  to  120  years,  which  the 
jud^e  reproving  him  for,  he  said  he  was  butler  at  that  time 
to  Lord  Conyers,  and  they  told  me,  that  it  was  reported  his 
name  was  found  in  some  old  register  of  the  Lord  Conyer's 
menial  servants.  Being  one  <&y  in  my  sister's  kitchen, 
lienry  Jenkins  coming  in  to  beg  an  alms,  I  had  a  mind  to 
examme  him :  I  told  him  he  was  an  old  man  who  must  soon 
expect  to  give  an  account  to  God  of  all  he  did  or  said ;  and 
I  desired  lum  to  tell  me  very  truly  how  old  he^was ;  on  which 
he  paused  a  little,  and  then  said,  that,  to  the  best  of  hb 
remembrance,  he  was  about  162  or  163.  I  asked  him  what 
kings  he  remembered ;  he  said  Henry  VIIL ;  I  asked  him 
what  public  diing  he  could  Icmgest  remember?  he  said 
Flodden-field.  "1  asked  whether  the  long  was  there  ?  he  said. 
No,  he  was  in  I^ranoe,  apd  the  Earl  (^  Surry  was  general.  I 
asked  him  how  old  he  miffhtbe  then?  he  said,  he  believed 
between  10  and  12 ;  ^  fori    says  he^  <<  I  was  sent  to  North* 
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allerton  with  a  horse-load  of  arrows,  but  they  sent  a  bi^er 
boy  from  thence  to  the  army  with  them."  I  thought  by 
these  marks  I  might  find  something  in  histories,  and  looking 
in  an  old  chronicb,  I  found  that  Hodden-field  was  about  152 
years  before ;  so  that  if  he  was  10  or  11  years,  he  must  be 
162  or  16S,  as  he  said,  when  I  examined  him.  I  found  by 
the  book,  that  bows  and  arrows  were  then  used,  and  that  the 
earl  he  named  was  tlien  general,  and  that  King  Henry  Vlll. 
was  then  at  Toumay;  so  that  I  don't  know  what  to  answer 
to  the  consistences  of  these  things,  for  Henry  Jenkins  was  a 
poor  man,  and  could  neither  write  nor  read.  There  were 
also  four  or  five  in.  the  same  parish,  that  were  reputed  all  of 
them  to  be  100  years  old,  or  within  two  or  three  years  of  it, 
and  they  all  said  he  was  an  elderly  man  ever  since  they  knew 
him ;  for  he  was  bom  in  another  .parish,  and  before  any 
register  was  in  churches,  as  it  is  said ;  he  told  me  then,  too, 
that  he  was  butler  to  the  Lord  Conyers,  and  remembered 
the  abbot  of  Fountains-abbey  very  well,  who  used  to  drink  a 
glass  with  his  lord  heartily,  and  that  the  dissolution  of  the 
monasteries  he  said  he  well  remembered.  .        Ann  Savile. 

This  Henry  Jenkins  died  Dec.  8.  1670,  at  Ellerton,  on 
Swale.  The  battle  of  Hodden-field  was  fought  on  the  9th  of 
Sept.  1513.  Henry  Jenkins  was  12  years  old  when  Hodden* 
field' was  fought,  so  that  he  lived  169  years.  Old  Parr  lived 
152  years  nine  months,  so  that  Henry  Jenkins  outlived  him 
by  computation  16  years,  and  was  the  oldest  man  born  on 
the  ruins  of  this  postdiluvian  world. 

This  Henry  Jenkins,  in  the  last  century  of  his  life,  was  a 
fisherman,  and  used  to  wade  in  the  streams;  his  diet  was 
coarse  and  sour ;  but  towards  the  latter  end  of  his  days  he 
begged  up  and  down ;  he  has  sworn  in  chancery  and  other 
courts,  to  above  140  years'  memory,  and  was  often  at  the 
assizes  at  York,  whither  he  generally  went  a-foot ;  and  I  have 
heard  some  of  the  country  gentlemen  a£Srm,  that  he  fi-e- 
quently  swam  in  the  rivers  after  he  was  past  the  age  of  100 
years. 


Microscopical  Observations  on  the  Seeds  of  Figs,  Straicherries, 
Sfc.  By  Mr.  Leuwenboek.  —  [1 696.] 
I  HAVE  taken  a  great  deal  of  pains,  to  see  the  plant  in  the 
seed  of  a  fig,  yet  I  could  never  accomplish  it,  for  it  seemed 
to  me  that  the  figs  were  not  perfectly  ripe,  when  they  were 
pulled  off  and  turned  up,  to  be  sent  beyond  seas.  But  having 
»om^  lately  which  seemed  to  have  been  gathered  ripe>  I 

Digitized  by  VjOOQ  IC 


OPIUM  AMOKG  THE  TURKS.  121 

therefore  took  many  seeds  of  these  figs  to  dissect  them ;  and 
after  I  had  cut  or  Inroke  their  hard  husk,  I  brought  out  their 
kernel  or  pith  perfect ;  and  after  taking  off  their  film,  and 
had  separated  the  stuff  wherein  the  young  plant  was  laid,  I 
aaw  the  perfect  plant,  consisting  of  two  leaves,  and  of  that 
part  that  is  to  make  the  roots  and  stem. 

When  eating  some  strawberries,  and  fixing  my  eyes  on  the 
little  apices  we  see  on  a  strawberry,  I  concluded  that  every 
one  of  them  was  a  seed ;  and  to  confirm  my  opinion  I  took  a 
strawberry,  one  of  the  largest  and  ripest,  and  there  I  found  a 
great  many  seeds,  i^r  I  had  taken  off  the  film  wherein  they 
were  wrapt  up,  and  found  that  every  seed  had  also  a  string 
by  which  they  were  nourished. .  I  opened  several  of  them,  by 
taking  off  their  hard  husk,  and  saw,  that  every  one  of  them 
had. die  stuff  we  call  a  pith :  having  separated  this  pith  firom 
its  ancient  film,  I  took  out  the  plant,  which  I  also  caused  to 
be  delineated,  that  we  might  see  how  many  seeds  we  send 
together  into  our  stomach,  when  we  eat  but  one  spoonful  of 
strawberries ;  for  when  I  divided  one  of  the  largest  into  four 
equal  parts,  I  found  in  one  o£  these  parts  about  50  seeds ; 
accordmg  to  this,  the  strawberry  contained  200  seeds,  and 
another  that  was  much  less  I  guessed  to  contain  120.  Now  if 
we  eonnder  that  a  young  plant  of  strawberries  shoots  in  a 
year  (for  I  never  heard  that  they  sow  strawberries)  into 
several  shoots  over  the  ground,  which  take  root,  and  grow  all 
up  into  plants,  and  bear  the  next  year ;  and  that  besides  this, 
each  pkmt  produces  many  strawberries,  each  whereof  has  as 
many  seeds  as  is  before  said;  we  must  lay  our  hand  on  our 
mouth,  and  be  astonished  at  the  increasing  and  great  multi- 
plicity of  seeds  of  this  plant. 


On  the  Use  rf  Opium  aifiang  the  Turks*    By  Dr,  Edward 

I  MADE  enquiry  fer  the  most  femous  opium-eater  in  the 
country  about  Smyrna,  and  had  recommended  to  me  one 
Mustapha  Shatoor,  an  inhabitant  of  Sediqui,  a  village  six 
miles  fi-om  that  city,  by  trade  a  coffee-man,  and  45  years  old 
when  I  discoursed  with  him.  He  told  me  his  constant  eating 
was  three  drams  a  day  of  crude  opium,  one  half  of  which  was 
his  dose  in  the  mommg,  and  the  other  half  ill  the  afternoon, 
but  that  he  could  safely  take  double  this  quantity.  :  s:- 

Resolving,  therefore,  to  be  an  eye-witness  of  wliat  he  could 
do,  I  provided  the  best  opium  I  could  get,  and  weighed  it 
nicely  mto  drams ;  I  desired  him  to  come  to  me  b^ore  he 
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had  taken  any  part  of  his  ddse,  and  that  I  would  entertam 
him  the  next  morning ;  he  took  the  invitation  thankfully,  and 
came  to  me  the  next  day  at  nine  in  the  morning,  but  excused 
his  having  taken  half  a  dram  before,  because  he  wanted 
strength  to  rise  out  of  his  bed  without  it.  I  laid  before  him 
my  opium  made  up  in  pills,  each  weighing  a  dram,  and  de» 
sired  him  to  eat  what  he  pleased ;  he  took  one  dram  and  a 
half,  making  it  up  in  three  pills,  and  chewing  it  with  a  little 
water ;  he  commended  the  opium,  but  was  not  willing  to  eat 
more  at  that  time,  and  1  would  not  press  him,  for  fear  of 
accidents.  He  stayed  with  me  ^bout  half  an  hour  after  he 
had  eaten  the  opium;  the  visible  effects  it  had  upon  him 
were  to  make  his  eyes  sparkle,  and  to  give  a  new  air  of  lil^ 
and  brightness  to  lus  face.  He  told  me  that  he  was  ex- 
tremely refreshed,  and  made  very  cheer&l  by  my  entertain* 
ment,  and  that  it  gave  him  his  keph,  as  the  Turks  express  it. 

He  went  from  me  to  his  coffee-house,  and  being  desirous 
to  observe  him  that  day,  I  found  him  in  half  an  hour  labour- 
ing heartily  at  cleaving  wood  to  bum.  I  desired  his  company 
again,  when  he  was  prepared  for  a  second  dose ;  he  came  to 
me  at  three  in  the  a^moon,  and  took  the  same  quantity 
as  in  the  morning,  and  appeared  after  it  with  the  same 
symptoms.  He  told  me  he  would  be  again  ready  for  the 
same  quantity,  at  the  same  distance  of  time,  but  I  pursued 
the  experiment  no  further.  He  says  it  has  sdways  the  same 
effects,  giving  liim  vigour  and  spirit,  and  is  now  become  as 
necessary  to  him,  as  any  other  part  of  his  sustenance ;  that 
he  has  many  wives  and  children ;  that  it  never  a£fects  him 
with  sleep  and  drowsiness,  but  rather  hinders  his  reposing, 
when  he  happens  to  take  too  much  of  it ;  that  he  enter^ 
upon  this  practice  25  years  ago,  beginning  with  the  quantity 
of  a  grain,  and  so  training  up  nature  gradually  to  larger 
quantities ;  that  the  want  of  it,  and  the  desire  of  taking  more, 
grows  daily  upon  him ;  that  his  common  expence  for  living 
IS  three  parahs  ai  day  in  opium,  one  in  tobacco,  two  in  cofiee, 
and  two  in  bread ;  a  parah  is  about  a  penny  &rthing  in  our 
money. 

The  alteration  and  impairment  which  this  custom  has  pro- 
duced in  him  are  weakness,  his  legs  being  small,  his  guma 
eaten  away,  so  that  the  teeth  stand  bare  to  the  roots,  hi9 
complexkm  ver^  yeHow,  and  appearing  older  by  20  years 
than  he  really  is.  I  asked  him  if  he  knew  any  body  who 
eould  take  opium  in  larger  quantities;  his  answer  was,  he 
believed  there  were  none  in  that  country  that  could  outdo 
bim^  but  that  he  was  informed  of  some  in  Arabia  and  about 
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Damascus,  where  this  custom  of  eating  opium  obtained  more 
universally. 

Opium  is  commonly  taken  bv  the  messengers  in  Turkey, 
who  are  employed  in  taking  quick  despatches :  it  is  generally 
part  of  their  provision :  they  take  it  when  they  find  them- 
selves tired,  and  it  gives  them  strength  and  spirits  to  proceed. 
The  Turks  use  opium,  made  up  with  something  that  renders 
it  palatable,  at  their  feast  called  Biram,  to  make  them  cheer* 
ful,  which  may  be  one  reason  of  its  prevailing  so  much ;  for 
finding  it  then  entertains  them  with  pleasing  fancies,  they  are 
tempted  to  continue  it,  and  so  the  use  of  it  becomes  necessary 
and  grows  upon  them. 


An  Account  of  siarange  Beans  frequendy  cast  on  Shore  on  the 
OrJmey  Isles.    By  Hans  Sloane.  —  [1696.] 

I  HAD  several  times  heard  of  strange  beans  frequently 
tlu'own  up  by  the  sea  on  the  islands,  on  the  north-west  parts 
of  Scotland,  especially  on  those  most  exposed  to  the  waves 
of  the  great  ocean ;  uiev  are  no  otherwise  regarded  than  as 
they  serve  to  make  snuff-boxes.  Four  sorts  of  £em  have  been 
sent  me,  very  fresh,  being  little  injured  by  the  sea :  three  of 
these  beans  grow  in  Jamaica,  where  I  have  gathered  them. 

How  these  several  beans  should  come  to  the  Scotch  isles, 
and  one  of  them  to  Ireland,  seems  very  hard  to  determine. 
It  is  very  easy  to  conceive,  that,  growing  in  the  woods  in 
Jamuca,  they  may  either  &11  from  the  trees  into  the  rivers, 
or  be  any  other  way  conveyed  by  tliem  into  the  sea.  It  is 
likewise  easy  to  believe,  that  being  got  to  sea,  and  floating  in 
it  in  the  neighbourhood  of  that  island,  they  may  be  carried 
from  thence  by  the  wind  and  current,  which  being  obstructed 

§T  the  main  continent  of  America,'  is  forced  through  the 
ulf  of  Rorida,  or  canal  of  Bahama,  going  there  constantly 
£i  and  into  ^e  N.  American  sea.  But  how  they  should  come 
the  rest  of  their  way  I  cannot  tell,  unless  it  be  thought 
reasonable,  that  as  ships  when  they  go  south  expect  a  trade- 
easterly-wind,  so  when  they  come  north,  they  expect  and 
generally  find  a  westerly  wind,  for  at  least  two  parts  of 
three  of  the  whole  year ;  so  that  the  beans  being  brought 
north  by  the  current  from  the  Gulf  of  Florida,  they  may  be 
supposed  by  this  means  ^t  last  |o  arrive  in  Scotland. 

By  the  same  means  that  these  beans  come  to  Scotland,  it 
is  reasonable  to  believe,  that  the  winds  and  currents  brought 
from  America  those  several  things  towards  the  Azores  and 
Porto  Santo,  which  are  recorded  by  Femand^olumb*  lo 
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the  life  of  his  father  Christopher,  to  be  some  of  the  reasons 
which  moved  the  said  Christopher  Columbus  to  attempt  the 
discovery  of  the  West  Indies.  The  things  mentioned  by 
them  are^  1st  A  piece  of  wood  ingeniously  wrought,  but  not 
with  iron,  taken  up  by  Martin  Vicenzo,  a  Portuguese  pilo^ 
450  leagues  at  sea,  off  Cape  St.  Vincent,  afier  a  west  wind  of 
many  days.  2dly.  Another  piece  of  wood,  like  the  former^ 
taken  up  by  Pietro  Correa,  on  the  island  o£  Porto  Santo,  after 
the  like  winds.  Sdly.  Very  large  canes,  much  beyond  any 
growing  in  those  parts.  4t;hly.  Some  of  the  inhabitants  of 
the  Azores  observed,  and  told  him,  that  west  winds  brought 
pines  to  these  islands,  especially  Fayal  and  Graciosa,  which 
are  not  founc^  growing  in  those  parts ;  and  that  on  another  of 
those  islands,  viz.  Flores,  was  cast  on  shore  two  men's  bodies, 
with  larger  &ce8,  and  different  aspects,  from  Christians';  and 
that  at  Capo  della  Verga  were  once  seen  two  canoes  or  barks 
with  cabins,  whi^  were  .believed  to  be  forced  to  sea,  when 
accidentally  they  had  been  going  from  one  island  to  another. 


On  tU  Structure  of  the  Internal  Parts  of  Fish.    By  Dr. 
Cbarles  Preston,  —  [1696-7.] 

Thb  principal  difference  between  fish  and  other  animals  ia 
their  want  of  lungs  and  respiration ;  whereas  all  other  ani- 
mals have  lungs,  both  terrestrial,  volant,  and  amphibious; 
and  in  insect?,  t}ie  several  trachese,  that  are  spread  through- 
out the  whole  body,  ^erve  them  infiit^ad  of  lungs.  And  vet  it 
is  Qece^sary  that  something  should  supply  this  in  fishes, 
which  may  have  the  same  effect  on  their  blood,  as  the  air  has 
upon  Qurs,  by  entering  into  our  lungs,  viz.  to  divide  and  dis- 
solve it,  and  render  it  fit  for  circulation.  Now  we  find  no 
part  in  ^sh  more  proper  to  produce  this  effect  than  the  bron- 
chia, that  lie  like  so  many  leaves  over  each  other  under  their 
gills ;  for  they  receive  tlie  water  in  by  the  mouth,  and  return 
it  by  the  gills ;  or  receiving  it  in  by  the  gills,  t&ey  throw  it 
out  b^  the  mouth. 

It  IS  i^eed  upon  by^dl,  that  the  water  contains  something 
that  produces  this  effect;  ^d  this  seems  most  probably  to  he 
the  air  contained  in  the  water,  that  dissolves  the  blood  in  the 
bronchia  of  fish,  as  well  as  it  does  that  in  the  lungft  q(  all 
other  animals.  That  there  is  air  in  all  water,  cannot  be 
doubted,  after  the  experiment  of  M.  Marolle.  I|e  set  a 
vessel  of  water  over  the  fire,  so  as  to  drive  out  the  air  f^om 
it :  this  water  he  put  into  the  air-pump,  to  extract  the  air 
&om  it;  and  after  that  filled  a  phial  with  it,  within  .two  or 
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three  fingers  of  the  top,  which  space  he  left  only  full  of  air, 
and  stopped  the  phial  well ;  and  by  shaking  it,  the  ^ater  im- 
Inbed  the  air,  so  as  to  rise  up  and  quite  fill  the  pHial. 
'  It  may  be  objected,  that  if  the  mr  in  the  water  wete  the 
Cftttse  of  this  effect,  ^e  fish  would  live  in  the  open  air. '  I 
shall  only  reply  ta  this,  that  fi«h  have  thei#  blood  less  hot 
than  ours,  so  that'  the  natural  heat  of  our  blood  would  in 
them  be  a  fever  and  mortal ;  hence  we  need  not  wonder  they 
cannot  live  in  the  air ;  for  the  nitre  of  the  pure  air  is  in  too 
great  a  quantity,  and  too  subtle,  so  as  it  dissolves  their  blood 
too  much,  and  makes  it  too  fiuid ;  whereas  the  nitre  in  the 
water  is  more  gross,  and  in  less  proportion  ;  whence  it  gives 
their  blood  only  a  fiifidity  requisite  to  keep  it  in  its  natural 
iState.  To  prove  that  it  is  in  the  bronchia  that  this  division  is 
performed,  we  need  only  observe  their  extraordinary  redness 
above  any  other  part  of  the  body,  a  proof  th&t  the  blood  is 
there  more  divided :  fish  are  also  found  to  die  in  water  fi*ozen' 
over,  which  happens  plainly  fi'om .  their  communication  with 
the  external  air  being  hindered  by  the  ice. 

The  heart  of  a  fish  is  different  from  that  of  other  animals 
in  its  having  only  one  ventricle  ;  for  it  has  only  the  vena  cava 
and  the  aorta  that  open  into  it,  having  no  lungs;  so  that  by  the 
aorta  the  blood  comes ^ut  of  the  heart,  which  is  branched  into. 
a  thousand  capillaries  over  the  bronchia,  and  is  afterwards  re- 
united ;  which  re-union  is  made  under  the  basis  of  the  cra- 
nium ;  and  because  the  blood,  when  once  there,  has  no  needf 
of  being  forced  higher  upwards,  they  have  no  occasion  for  a 
second  ventricle  for  that  purpose,  as  terrestrial  animals  liave.* 
The  re-union  of  these  capillaries  of  the  bronchia  being  made, 
they  form  two  large  trunks,  of  which  one  proceeds  towards 
the  head,  and  the  other  towards  the  lower  parts. 

Fish  have  a  diaphragm,  but  not  for  the  same  purpose  as  in 
other  animals  that  breathe ;  it  is  always  straight  and. tense, 
and  perpendicular  on  the  vertebrae.  Their  stomach  is  .mem- 
branous :  for  fish  swallow  down  other  i^mall  fish  whole,  and 
sometimes  earth ;  therefoi:e  it  is  necessary  to  have  a  power 
of  contracting  itself  forcibly  to  brea|(  in  pieces  its  contents. 
Their  intestmes  make  several  great  windings,  a  sign  the  fer- 
mentation is  but  slow  in  them,  which  is  made  up  by  their 
great  length. 

Fish  have  on  the  vertebrae  of  the  loins  a  bladder,  very  large 
in  proportion  to  their  bulk,  which  serves,  by  dilating  or  com- 
pressing itself,  to  render  the  fish  lighter  or  heavier,  as  occa- 
sion requires,  for  iswimming.  And  if  this  be  by  any  means 
bursty  so  that  it  cannot  be  extended,  the  fislv-can  no  more 
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riuse  itself  in  the  water,  but  keeps  continually  at  the  bottom^ 
The  fins  and  tail  assist  them  m  their  passage  through  the 
water :  but  it  is  this  dilatation  of  the  air  in  the  bladder  that 
makes  them  capable  of  swimming,  after  the  same  manner  as 
the  dilatbg  of  the  hmgs  and  thorax  of  a  man  bears  him  up  in 
the  water.  Flat  fish,  such  as  soles,  have  none  of  this  blad- 
der; for  they  are  able,  by  reason  of  their  breadth,  to  sustain 
themselves  in  the  water.  Craw-fish  and  other  shell-fish  want  it 
likewise,  for  the  most  part,  for  they  creep  only  at  the  bottom 
of  the  water,  but  there  are  many  fish  that  have  them  double.  * 


The  Thetyry  of  the  TideSy  eaOracied  from  Mr.  Isaac  Newfym'$ 
TreaiUe,  eniided,  PhiloscphuE  NaturaUs  Principia  Mathe^ 
fnatica.    By  Mr.  Edmund  Halley. — [1696-7.] 
The  sole  principle  on  which  this  author  (Mr.  Newton)  pro- 
ceeds to  explain  most  of  the  great  and  siu'prising  appearances  ' 
of  nature,  is  no  other  than  that  of  gravity,  by  which  all  bodies 
in  the  earth  have  a  tendency  towards  its  centre.    From  this 
principle,  as  a  necessary  consequence,  follows  the  spherical 
fip^re  of  the  earth  and  sea,  and  of  all  the  other  celestial  bo- 
dies ;  and  though  the  tenacity  and  firmness  of  the  solid  parts 
support  the  inequalities  of  the  land  above  the  level,  yet  the 
fluids,  pressing  equally,  and  easily  yielding  to  each   other, 
soon  restore  the  equilibrium,  if  disturbed,  and  maintain  the 
exact  figure  of  the  globe. 

Now  this  force,  of  the  descent  of  bodies  towards  the  centre^ 
b  not  in  all  places  alike,  but  is  still  less  and  less,  as  the 
distance  of  the  centre  increases,  and  in  this  book  it  is  demon- 
strated, that  this  force  decreases  as  the  square  of  the  distance 
increases,  that  is,  the  weight  of  bodies  and  the  force  of  their 
fall  is  less,  in  parts  more  removed  from  the  centre,  in  the  pro- 
portion of  the  squares  of  the  distance.  Thus  a  ton  weight  on 
the  sur&ce  of  die  earth,  if  it  were  raised  to  the  height  of 
4000  miles,  which  I  suppose  the  semidiameter  of  the  earth, 
would  weigh  but  ^  of  a  ton,  or  500  weight;  if  to  12,000 
miles,  or  three  semidiameters  from  the  surface,  that  is  four 
from  the  centre,  it  would  weigh  but  -^  part  of  the  weight  on 
the  surface,  or  100  and  \ ;  so  that  it  would  be  as  easy  for 
the  strength  of  a  man  at  that  height  to  carry  a  ton  weight  as 
here  on  the  surface  1^  cwt.  And  in  the  same  proportion 
does  the  velocities  of  the  fall  of  bodies  decrease;  for  whereas 
on  the  surface  of  the  earth  all  things  fall  16  feet  in  a  second, 
at  one  semidiameter  above  the  surface  this  fall  is  but  four 
feet,  and  at  three  semidiameters,  or  four  from  the  centre,  it 
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is  bat  jV  of  file  fall  at  the  surface,  or  but  one  foot  in  a  se- 
cond ;  and  at  greater  distances,  both  the  weight  and  fall 
become  very  small ;  yet  at  all  given  distances  they  are  still 
something,  though  the  effect  become  insensible.  At  the  dis- 
tance of  the  moon,  which  I  will  su^^ose  60  semidiameters  of 
the  earth,  3600  pounds  weigh  only  one  pound,  and  the  fall  of 
bodies  is  but  ^^^  of  a  foot  in  a  second,  or  16  feet  in  a 
minute ;  that  is^  a  body  so  far  off  would  descend  in  a  minute 
no  more  than  the  same  at  the  surface  of  the  earth  descends 
IB  a  second  of  time. 

This  law  of  the  decrease  of  gravity  being  demonstratively 
proved,  the  author  enquires  into  the  necessary  consequences 
of  this  supposition  -;>  by  which  he  finds  the  genuine  cause  of 
the  several  appearances  in  the  theory  of  the  moon  and  planets, 
and  discovers  the  hitherto  imknown  laws  of  die  motion  of 
comets,  and  of  the  ebbing  and  flowing  of  the  sea. 

Now,  the  theory  of  the  motion  of  the  primary  planets  is 
here  shown  to  be  nothing  but  the  contemplation  of  the  curve 
lines,  which  bodies  projected  with  a  given  velocity,  in  a  given 
direction,  and  at  the  same  time  drawn  towards  the  sun  by  its 
gravitating  power,  would  describe.  Or  which  is  the  same, 
that  the  orbits  of  the  planets  are  such  curve  lines  as  a  shot 
from  a  gun  describes  in  the  air,  being  thrown  according  to  the 
direction  of  the  piece,  but  bent  into  a  crooked  line  by  the  su- 
pervening tendency  towards  the  earth's  centre;  and  the 
planets  being  supposed  to  be  projected  with  a  given  force, 
and  atl3*acted  towards  the  sun,  after  the  aforesaid  manner,  are 
here  proved  to  describe  such  figures  as  answer  exactly  to  all 
tiiat  the  industry  of  this  and  the  last  age  has  observed  in  the 
planetary  motions.  So  Uiat  it  appears,  that  there  is  no  need 
<^  solid  orbs  and  intelligences^  as  the  ancients  imagined ;  nor 
yet  of  vortices  or  whirlpools  of  the  celestial  matter,  as  Des- 
cartes supposes  ;  but  the  whole  affair  is  simply  and  mechani- 
cally performed,  on  the  sole  supposition  of  a  gravitation 
towards  the  sun. 

All  the  surprising  phenomena  of  the  flux  and  reflux  of  the 
Bea  are^  in  like  manner,  shown  to  proceed  from  the  same 
principle.  If  the  earth  were  alone,  that  is  to  say,  not  affected 
by  the  actions  of  the  sun  and  moon,  it  is  not  to  be  doubted 
but  the  ocean,  being  equally  pressed  by  the  force  of  gravity 
towards  the  centre,  would  continue  in  a  perfect  stagnation, 
always  at  the  same  height,  without  ever  ebbing  or  flowing ; 
but  It  being  here  demonstrated,  that  the  sun  and  moon  have 
a  like  principle  of  gravitation  towards  their  centres,  and  that 
fbe  earth  is  within  the  activity  of  their  attraction^  it  will 
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.plainly  follow,  that  the  equality  of  the  pressure  of  gravity 
towards  the  centre  will  thereby  be  disturbed ;  and  thou^ 
the  smallness  of  these  forces,  in  respect  of  the  gravitation 
towards  the  earth's  centre,  renders  them  altogedier  imper- 
ceptible by  any  experiments  we  can  devise,  yet  the  ocean, 
bemg  fluid,  and  yielding  to  the  least  force,  by  its  rising  shovrs 
where  it  is  less  pressed,  and  where  it  is  more  pressed  by  its 
:8inking.  Now  if  we  suppose  the  force  of  the  moon's  attrac* 
tion  to  decrease,  as  the  square  of  the  distance  from  its  centre 
increases,  as  in  the  earth  and  other  celestial  bodies,  we  shall 
find  that  where  the  moon  is  perpendicularly  either  above  or 
below  the  horizon,  in  zenith  or  nadir,  there  the  force  of 
gravity  is  most  of  all  diminished,  and,  consequently,  that  there 
the  ocean  must  necessarily  swell  by  the  coming  in  of  the 
water  from  those  parts  where  the  pressure  is  greatest,  viz* 
in  those  places  where  the  moon  is  near  tlie  horizon.  This 
rightly  understood.  It  plainly  follows,  that  the  sea,  which 
otherwise  would  be  spherical,  by  the  pressure  of  the  moon 
must  form  itself  into  a  spheroidal  or  oval  figure,  whose  long- 
est diameter  is  where  the  moon  is  vertical,  and  shortest 
where  she  is  in  the  horizon ;  and  that  the  moon  shifting  her 
position  as  she  turns  round  the  earth  once  a  dfiy,  this  oval  of 
water  shifts  with  her,  occasioning  thereby  the  two  floods  and 
ebbs  observable  in  each  25  hours.  .  '         , 

And  this  may  suffice  as  to  the  general  cause  of  the  tides* 
It  remains  now  to  show  how  naturally  this  motion  accounts 
for  all  the  particulars  that  have  been  observed  about  them  ; 
so  that  there  can  be  no  room  left  to  doubt  but  that  this  is 
the  true  cause  of  them.  The  spring-tides  at  the  new  and 
full  moons,  and  neap-tides  at  the  quarters,  are  occasioned  by 
the  attractive  force  of  the  sun  in  the  new  and  full,  conspiring 
with  the  attraction  of  the  moon,  and  producing  a  tide  by  their 
united  forces :  whereas  in  the  quarters,  the  sun  raises  the 
water  where  the  moon  depresses  it,  and  the  contrary ;  so  as 
the  tides  are  made  only  by  the  difierence  of  their  attractions* 
That  the  force  of  the  sun  is  no  greater  in  this  case,  proceeds 
from  the  very  small  proportion  the  semidiameter  of  the  earth 
bears  to  the  vast  distance  of  the  sun. 

It  is  also  observed  that,  cseteris  paribus,  the  equinoctial 
spring-tides  in  March  and  September,  or  near  them,  are  the 
highest,  and  the  neap-tides  the  lowest ;  which  proceeds  from 
the  greater  agitation  of  the  waters,  when  the  fluid  spheroid 
revolves  about  a  greater  circle  of  the  earth  than  when  it 
turns  about  in  a  smaUer  circle ;  it  bemg  plain,  that  if  the 
moon  were  constituted  in  the  polci  and  stood  there,  that  th^ 
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Spheroid  would  have  a  fixed  position,  and  that  it  would  be 
smajs  high  water  under  the  poles,  and  low  water  every  where 
under  the  equinoctial ;  and,  therefore,  the  nearer  the  moon  ap- 
proaches to  the  poles,  the  less  is  the  agitation  of  the  ocean, 
which  is  the  greatest  of  all,  when  the  moon  is  in  the  equinoc- 
tial, or  fartliest  distant  from  the  poles.  Whence  the  sun  and 
moon,  being  either  conjoined  or  opposite  in  the  equinoctial, 
produce  the  greatest  spring-tides  ;  and  the  subsequent  neap- 
tides,  being  produced  by  the  tropical  moon  in  the  quarters,  are 
always  the  least  tides  ;  whereas  in  June  and  December,  the 
spring-tides  are  made  by  the  tropical  sun  and  moon,  and 
therefore  less  vigorous  ;  and  the  neap-tides  by  the  equinoc- 
tial moon,  which  therefore  are  the  stronger :  hence  it  happens, 
that  the  difference  between  the  spring  and  neap  tides  in  these 
months  is  much  less  considerable  than  in  March  and  Sep- 
tember, And  the  reason  why  the  very  highest  spring-tide^ 
are  foimd  to  be  rather  before  the  vernal,  and  after  the  au- 
tumnal equinox,  viz.  in  February  and  October,  than  precisely 
\q>oh  them,  is,  because  the  sun  is  nearer  the  earth  in  the 
winjter  months,  and  so  comes  to  have  a  greater  effect  in  pro- 
ducing the  tides. 


A  JDiscourse  concerning  the  Large  Horns  frequentlt/ found  under 
Ground  in  Ireland.    By  Thomas  Molyneux,  MJ). 

By  the  remams  we  have  of  this  animal,  it  appears  to  have 
been  of  taV  genus  cervinum  or  deer  kind,  and  of  that  sort 
lliat  carries  broad  or  palmed  horns,  bearing  a  greater  affinity 
with  the  buck  or  fallow  deer,  than  with  the  stag  or  red  deer, 
that  has  horns  round  and  branched  without  a  palm :  this  I 
lately  observed,  having  an  opportunity  of  particularly 
examining  a  complete  head,  with  both  its  horns  entirely 
perfect,  not  long  smce  dug  up,  given  to  my  brother  William . 
Molyneux,  as  a  natural  curiosity. 

^<  I  have  by  the  bearer  sent  the  head  and  horns  I  promised 
jrou :  this  is  the  third  head  I  have  found  by  casual  trenching 
m  my  orchard:  they  were  all  dug  iqp  within  the  compass  of 
an  acre  of  land,  and  lay  about  four  or  five  feet  imder  ground, 
in  a  sort  of  boggy  soil.  The  first  pitch  was  of  earth,,  the 
next  two  or  three  of  turf,  and  then  followed  a  sort  of  white ' 
laarl,  where  they  were  found." 

I  took  their  dimensions  carefully  as  follows:  from  the 
extreme  tip  of  the  right  horn  to  that  of  the  left,  expressed  in 
the  line  AB,  was  10  feet  10  inches ;  from  the  tip  of  the  right 
hatn  to  the  root  where  it  was  fastened  to  the  head,  CD,  five 
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feet  two  indies ;  from  the  tip  of  the  highest  branch,  measur-. 
ing  one  of  the  horns  transverse,  or  directly  across  the  palm. 


to  the  tip  of  the  lowest  brandi,  EF,  three  feet  seven  inches 
and  a  half.  The  length  of  one  of  the  palms,  within  the 
branches,  G  H,  two  feet  six  inches :  the  breadth  of  the  same 
palm,  still  widiin  the  branches,  IK,  one  foot  lOJ  inches:  the 
branches  that  shot  forth  round  the  edge  of  each  palm  were 
nine  in  number,  besides  the  brow-antlers,  of  which  the  right 
antler,  DL,  was  a  foot  and  two  inches  in  length,  the  other  was 
much  shorter :  the  beam  of  each  horn  at  some  distance  from 
the  head,  where  it  is  marked  M ,  was  about  two  inches  and  six 
tenths  of  aa-inch  in  diameter,  or  about  eight  inches  in  cir- 
cumference ;  at  the  root,  where  it  was  fastened  to  the  head^ 
about  11  inches  in  circumference.  The  length  NO  of  the 
head,  from  the  back  of  the  skull  to  the  tip  of  the  nose,  or 
rather  the  extremity  of  tlie  upper  jaw-bone,  two  feet,  the 
breadth  of  the  skull  PQ,  where  largest,  was^t  foot. 

Another  such  head,  with  both  the  horns  entire,  was  found 
some  years  since  buried  10  feet  under  ground  in  a  sort  of 
marl.  And  in  the  year  1691,  Major  Folhot  told  me,  that 
digging  for  marl  near  the  town  of  Ballymackward,  not  for  from 
Ballyshannon,  in  the  county  of  Fermanagh,  he  found  buried, 
10  fes^t  under  plain  solid  ground,  a  pair  of  this  sort  of  horns, 
which  he  keeps  still  in  his  possession.  In  the  year  1684^ 
two  of  these  heads  were  dug  up  near  Turvy,  witliin  eight 
miles  of  Dublin.  Not  long  since,  a  head  of  diis  kind,  with 
its  horns,  #as  found  near  Portumny,  the  house  of  the  Earls 
of  Clanricard,  seated  on  the  river  Shannon,  in  the  county  of 
Gallway,    And  to  my  knowledge,  within  less  than  20  years, 
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(^  the  ossa  pubis,  that  at  their  basis  here  they  touch  each 
Other,  just  at  the  coalition  of  the  bones  that  form  the  dssa 
pubis*  The  other  extremities  of  these  bones  were  at  a  dis- 
stance  from  one  another,  that  measured  2^  inches.  The  baJsis 
of  these  bones  where  joined  to  the  ossa  pubis  was  half  an  inch 
broad,  having  two  heads ;  the  larger  lymg  near  the  coalition 
of  the  ossa  pulns,  and  the  lesser  towards  the  os  coxendicis ; 
having  in  the  middle  a  sinus,  into  which  was  received  a  pro- 
tuberance of  the  ossa  pubis ;  by  which  contrivance  it  appears 
there  can  be  no  motion  of  these  bones,  nearer  or  farther  from 
one  another,  but  that  they  must  stand  always  at  ah  equal  dis-> 
tance ;  but  they  were  capable  of  a  small  motion  inwards 
towards  the  spine,  and  outwards  from  it.  These  bones,  as  they 
ascended  from  the  os  pubis,  grew  slender,  being  about  the 
middle  but  a  quarter  of  an  inch  bi^ad ;  and  they  were  each 
two  inches  long.  These  bones  were  furnished  with  four  pair 
of  muscles ;  and  another  pair  ran  over  them,  to  which  the^' 
performed  the  office  of  a  trochlea,  or  pulley.  The  first  pair 
of  muscles  (t.  e,  which  first  came  to  be  dissected,  on  -the 
pronation  of  the  animal,  and  froip  its  figure  I  call  trian- 
gularis,) arise  fleshy  from  the  whole  length  of  the  internal 
side  of  these  bones,  and  insert  their  opposite  tendons  on 
each  side  of  the  rima,  or  aperture  of  the  marsupium.  Under 
part  of  the  muscles  lay  another,  or  a  second  pair,  flat  and 
thin,  having  their  origin  from  the  upper  part  of  the  internal 
side  of  the  ossa  marsupialia,  and  inserting  their  opposite 
tendons  a  little  above  the  tendons  of  the  former  muscles : 
the  tendency  or  direction  of  the  muscular  fibres  of  this  pair, 
in  respect  of  the  first,  made  a  decussation.  The  third  pair 
oJT  muscles  had  their  rise  from  the  fore-part  of  the  basis  of 
these  bones,  where  they  were  joined  to  the  os  pubis ;  and 
were  afterwards  inserted  into  the  linera  aspera  of  the  thigh- 
bone. The  fourth  pair  arose  from  the  external  side  of  these 
bones  near  the  basis,  and  are  inserted  into  die  fore-part  of  the 
thigh-bone  near  the  middle.  The  last  pair  of  muscles  arises 
more  immediately  from  the  marsupium  or  pouch  itself;  for 
spreading  their  muscular  fibres  all  over  this  bag,  as  they  issue 
from  it,  by  joining  their  fibres  together,  they  more  remarkably 
form  a  solid  muscle ;  which  passing  on  each  side  over  the 
middle  of  these  bones,  t.  e.  in  the  prone  posture  of  dissecting 
the  animal,  they  at  length  were  inserted  into  the  spine  of  the 
08  ileum. 

.  By  considering  the  structure  of  these  muscles,  and  what 
n^ust  be  the  effect  of  their  action  or  contraction,  one  cannot 
but  think  ^he  first  two  must  serve  towards  the  dilatation  or 
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o{>eiung  the  marsupium  or  pouch :  for  these  bones  are  a  fuIcU 
ment  or  basis,  their  articulation  not  admitting  of  a  contraction- 
inwards,  or  nearer  to  each  other ;  wherefore,  when  the  first 
and  second  pair  of  muscles  act,  or  contract,  they  must  neces- 
sarily open  or  dilate  the  mouth  of  the  marsupium  or  pouch. 
Hie  thu-d  and  fourth  pair  may  serve  to  extend  these  bones 
outwards ;  so  that  when  this  animal  hangs  by  its  tail,  as  it  fre- 
quently does,  the  weight  of  the  foetus  in  this  pouch  by  this 
means  will  not  press  so  much  on  the  internal  viscera.  The 
^&h  and  last  pair,  as  they  may  serve  to  dilate  the  capacity  of 
the  pouch  itself,  so  likewise  may  serve  the  better  to  suspend 
its  weight,  when  the  animal  is  prono  capite,  and  if  it  gravitates 
too  much,  they  may  retract  it  upwards,  and  this  the  easier,  as 
passing  over  these  bones  like  a  pulley,  their  force  is  more 
augmented.  Hie  antagonist  to  these  muscles  is  the  sphincter 
marsi^ii,  an  oval  series  of  strong  fleshy  fibres,  wliich  serve  to 
constrmge  and  close  the  orifice  of  the  pouch  ;  which  it  does 
so  perfectly,  that  one  would  think  the  skin  here  not  to  be 
slit ;  nor  can  the  orifice  be  observed  till  it  is  dilated  with  the 
fingers. 

The  pouch,  or  marsupium  itself,  was  a  membranous  body, 
not  veiy  thick,  though  consisting  of  several  coats,  and  is 
reducible  to  the  class  of  the  vesicular  parts  of  the  body ; 
which  seem  to  be  partly  muscles,  partly  glands,  and  to  per- 
form the  office  of  both  motion  and  secretion  :  for  the  cavity 
of  this  pouch  was  somewhat  hairy,  and  at  several  places  I 
could  observe  them  matted  together  by  a  yellowish  substance, 
which  oozed  out  of  the  cutaneous  glands.  This  liquor  dis- 
charged into  the  pouch  from  the  glandulous  coat  was  strong 
scented,  and  had  more  of  the  peculiar  feetor  of  this  animfd 
than  any  part  besides.  But  after  the  skin,  with  the  pouch, 
had  been  kept  for  some  days,  and  was  grown  dry,  there  was 
so  great  an  alteration  in  the  smell,  that  what  before  was  so 
disagreeable,  was  now  become  a  perfect  perfume,  mid  smelled 
altogether  like  musk ;  though  the  general  consent  of  all 
authors  had  branded  it  with  the  note  of  a  fo&tid  stinking 
animal.  But  the  same  is  to  be  observed  in  the  richest  per- 
fumes we  have,  as  musk,  civet,  and  ambergris. 

This  marsupium  had  likewise  a  muscular  coat,  besides  the 
several  other  muscles  bestowed  on  it,  to  give  it  motion.  It 
had  also  a  vascular  coat,  being  plentifully  irrigated  by  blood 
vessels,  especially  by  two  large  branches,  that  came  from  the 
upper  part  of  the  thorax,  and  might  be  reckoned  the  maxn- 
niaria,  as  they  are  styled  in  other  animals.  This  pouch  was 
fastened  by  several  membranes  to  the  muscles  of  the  abdomen 
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and  the  skin,  but  so  as  to  be  easily  separated^  for  the  mosl 
party  with  my  fingers. 

In  this  marsupium,  or  pouch,  many  writers  on  the  natural 
history  of  this  animal  place  the  mammse  or  teats  ;  and  they 
teHvery  odd  stories  about  it :  I  will  only  relate  what  they  say 
a£  it,  and  what  I  at  present  observed,  or  rather  did  not  :6b- 
^rve.  I  did  not  find  any  teats  here,  nor  even  on  the  outward 
dcin,  as  is  usual  in  other  multiparous  animals.  Possibly  this 
subject  never  had  a  litter ;  and  for  want  of  drawing,  the  ieats 
might  be  less,  so  as  to  escape  notice.  The  male  also,  if  we 
may  believe  Piso,  has  such  another  purse  under  his  belly,  and 
takes  his  turn  to  carry  the  young,  in  order  to  ease  the  female. 
This  contrivance  of  nature  for  securing  the  young  from  any 
danger,  till  they  are  able  to  shifl  for  themselves,  is  perhaps 
not  to  be  paralleled  in  any  other  species  of  animals,  at  least  of 
tbe  quadruped  kind. 

The  first  two  vertebras  of  the  tail  had  only  one  small  acute 
spue ;  but  in  all  the  other  vertebrae  of  the  tail,  both  at  the 
head  and  tail  of  each  vertebra,  ^there  were  two  spines ;  but 
thoise  at  the  head  of  the  joint  the  hu^er.  In  the  first  six 
vertebrse  of  the  tail  there  was  on  each  side  a  broad  transverse 
process,  the  length  of  the  joint ;  in  the  other  vertebrae,  only 
at  the  head  and  tail  a  jetting  out  at  the  sides.  The  vertebras 
about  the  middle  of  the  tail  were  the  longest;  being  there 
about  an  inch  long ;  nearer  the  root  of  the  tsol,  and  at  &e  end, 
not  so  long. 

But  there  is  a  wonderful  piece  of  nature's  mechanism  in 
those  spines  or  hooks,  placed  in  a  line  in  the  n)iddle  of  the 
und^r  side  of  the  vertebrae  of  the  tail.  It  is  true  the  first 
three  vertebrae  had  none  of  these  spines,  nor  were  they  neces- 
sary here,  since  they  lay  within  the  compass  of  the  ossa 
coxendicis ;  but  in  all  the  other  vertebrae,  to  the  end  of  the 
tail,  they  were  to  be  observed ;  and  as  they  approached  the 
extremity  of  the  tail,  they  grew  less  and  shorter.  These 
spines,  where  longest,  were  about  one  fourth  of  an  inch,  or 
somewhat  more :  they  were  placed  just  at  the  articulation  of 
each  joint,  and  in  the  middle  fi:om  the  sides,  and  seemed  to  be 
articij^ted,  both  to  the  preceding  and  following  vertebra;  . 
not  being  an  entire  solid  bone,  but  rising  from  the  verte- 
brae with  crura  or  legs,  become  afterwards  perfectly  united 
at  the  ends.  By  this  means,  these  bones  are  rendered  more 
firm  and  strong,  and  this  hollow  serves  for  transmitting  the 
blood-vessels  through  them ;  and  one  may  here  observe  a 
stria  or  furrow,  iJl  the  length  of  the  vertebrae,  for  receiving, 
them  ;  by  which  they  are  the  better  secured  froiji  compresr. 

Digitized  by  VjOOQIC 


138 


TYSON  S   DESCRIPTION  OF  AN  OPOSSUM. 


ffloiii  when  the  animal  hangs  by  its  tail ;  and  for  performing 
this  office,  nothing  could  be  more  advantageously  contrived : 
for  when  the  tail  is  twisted  or  wound  about  a  stick,  this  hook 
of  the  spine  easily  sustains  the  weight,  and  there  is  but  little 
labour  of  the  muscles  required,  only  sufficient  for  bending  the 
tail ;  for  then,  as  by  a  hook,  the  weight  of  the  whole  body  is 
here  suspended.  And  for  performing  this,  it  was  observed, 
that  in  each  preceding  vertebra,  there  arose  a  muscle,  which 
was  iuserted  on  each  side  of  the  succeeding  vertebra ;  which 
acting  or  contracting,  must  necessarily  bend  and  curve  that 
joint.  But  for  tlie  strengthening  the  whole,  there  was  observed 
four  muscles  to  arise  from  the  os  sacrum,  which  ran  the  whole 
length  of  the  tail ;  two  on  the  upper  si4B,  and  two  on  the 
under ;  sending  each  a  tendon  to  each  intemode  or  vertebra. 
So  that  when  the  skin  was  stripped  off,  the  external  parts  of 
these  muscles  seemed  to  have  tendinous  expansions  over 
them,  the  whole  length  of  the  tail,  and  to  be  almost  covered 
by  them ;  which  must  needs  very  much  contribute  to  add 
strength  to  the  tail ;  besides  what  may  be  the  effect  of  their 
insertion  of  tendons  into  each  joint  or  vertebra,  in  curling  and 
unbending  the  tail. 
Fig.  1.  represents  the  outward  shape  and  figure  of  the 
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opossum,  drawn  from  the  life.    Fig.  2.  the  slit  or  aperture  in 


the  beUy,  opening 
to  the  marsupium 
or  pouch,  where  the 
jToung  ones  lodge, 
tfll  they  can  shift 
fbr  themselves.  Fig. 
S.  a,  the  marsupium 
turned  inside  out- 
ward, where  may  be 
observed  the  hair  or 
fur  that  covers  it, 
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which  may  help  to  keep  the  young  ones  warm ;  bb  the  two 
hinder  legs  cut  off;  c  the  foramen  of  the  anus,  which  is  also 
the  common  outward  vent  or  exit  to  the  rectum,  the  bladder 
of  urine>  and  the  uteri  also  ;  d  the  beginning  of  the  tail. 


Concerning  the  Eyes  ofBeedeSy  Sfc.  By  Mr,  Anthony  Van 
.  Leuwenhoek,  —  [1 698.] 
I  HAVE  formerly  spoken  of  the  multiplicity  of  eyes,  where- 
with the  smaller  sort  of  insects  are  endued,  as  flies  are; 
which  eyes  I  have  several  times  shown  to  different  persons, 
to  their  great  satisfaction ;  and  that  in  such  a  manner,  that 
they  could  clearly  ^^ern  the  appearance  of  some  hundreds 
of  eyes  at  once.  Among  the  rest,  I  have  last  summer  shown  ^ 
to  several  English  gentlemen  the  multiplicity  of  eyes  that  are 
to  be  seen  in  the  tunica  cornea  of  a  beetle,  called  the  eye. 
I  cut  that  part  of  a  beetle  which  is  reckoned  to  be  his  eye 
from  the  head,  and  afler  I  had  made  it  clean,  fixed  it  be^ 
fore  the  magnifying  glass,  and  observed,  that  it  could  not 
make  up  half  the  bulk  of  a  globe,  it  being  broader  than  it  was 
long.  I  however  counted,  to  the  best  of  my  power,  the 
eyes  that  were  in  one  row,  in  the  greatest  semicircle,  and 
found  that  diere  were  at  least  60.  Now  let  us  suppose,  that 
in  the  small  semicircle  of  the  tunica  cornea  there  are  but  40 
eyes  in  one  row,  and  then  add  these  60  to  the  40,  and  it 
makes  100,  the  half  whereof  is  50,  which  I  imagine,  if  we 
take  the  tunica  cornea  for  half  a  globe,  they  stand  in  the 
greater  half  circ^it  of  the  same.  Whence  Mr.  L.  computed 
tiiat  3181  is  the  number  of  these  eyes  that  are  in  both  the 
tunicffi  corneas  of  a  beetle ;  if  they  both  make  up  a  whole  sphere. 


Account  of  one  Edmund  MeUoonj  who  teas  of  an  extraor* 
dinary  Size.  —  [1698.] 

The  measures  of  some  of  the  parts  of  this  Irishman^  19. 
years  of  age,  shown  at  Oxford,  were  communicated  by  Dr. 
Plot.  He  was  seven  feet  six  inches  high ;  his  finger  6  j  inches 
long,  the  length  of  his  span  14  inches,  of  his 'cubit  two  feet 
two  inches,  of  his  arm  three  feet  2^  inches,  from  the  shoulder 
to  the  crown  of  his  head  11|  inches. 


Of  (he  Posture-^fnaster,  or  a  Man  having  an  ahsoltUe  Command 
of  his  Joints  and  Muscles.  —  [1 698.] 

In  Pali-Mall,  London,  lived  one  Clerk,  called  the  Posture- 
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master,  who  had  such  an  absohite  command  of  all  his  muscleis 
and  jomts,  that  he  could  disjoint  almost  his  whole  body ;  so 
that  he  imposed  on  the  famous  Mullens,  who  looked  on  him 
in  so  miserable  a  condition,  that  he  would  not  undertake  his 
cur6 ;  though  he  was  a  well- grown  fellow,  yet  he  would  appear 
in  all  the  deformities  that  can  be  imagined,  as  hunch-backed, 
pot-bellied,  sharp-breasted ;  he  disjointed  his  arms,  shoulders, 
legs,  and  thighs,  that  he  appeared  as  great  an  object  of  pity 
as  can  be :  and  he  has  often  imposed  on  the  same  company, 
where  he  has  been  just  before,  to  give  him  money  as  a  cripple; 
looking  so  much  unlike  himself  that  they  could  not  know 
him.  I  have  seen  him  make  his  hips  stand  out  a  considerable 
way  from  his  loins,  and  so  high  that  they  seemed  to  invade 
the  place  of  his  back,  in  which  posture  he  had  so  large  a  belly, 
tfant  though  one  of  our  company  had  one  of  a  considerable 
size,  vet  it \ seemed  lank  compared  with  his;  he  turned  his 
&ce  mto  all  ^shapes,  so  that  by  himself  he  acted  all  the 
uncoutl^  demure,  odd  faces  of  a  Quaker's  meeting :  I  could 
not  have  conceived  it  possible  to  have  done  what  he  did, 
unless  I  had  seen  it;  and  I  am  sensible  how  short  of  a  full 
description  I  have  given  of  him.  He  began  young  to  bring 
bis  body  to  it;  and  there  are  several  instances  of  persons 
that  can  move  several  of  their  bones  out  of  their  jointSi  using 
themselves  to  it  from  childhood. 


The  SympUms  that  attended  the  Bite  of  a  Serpent.  —  [1698.} 

/  Mr.  Robert  Burdett,  an  English  merchant  at  Aleppo, 
was  bit  by  a  serpent  on  the  left  wrist,  near  the  pulse  towards 
his  hand :  it  seemed  at  first  like  two  pricks  of  a  pin  :  he  im- 
mediately vomited,  and  his  wrist  and  hand  be^n  to  swell 
presently ;  he  had  some  few  days  before  a  looseness,  whicli 
this,  perhaps,  increased :  he  rode  easily  alone,  afler  he  was  bit, 
above  two  miles  off  to  Aleppo ;  he  felt  no  pain,  but  a  great  desire 
to  sleep ;  his  arm  continued  swelling  upwards,  and  grew  black. 
Some  remedies  were  used,  till  the  rest  of  the  factory  returned, 
who  then  began  to  cup  and  scarify  his  arm ;  he  having  still  no 
psin,  but  a  great  drowsiness.  At  last  the  swelling  came  up 
to  his  shoulder,  and  then  he  complained  much ;  and  within 
one  ^piyter^an  hour  he  died.  He  was  bit  about  ten  in  the 
forenoon,  and  died  about  three  in  the  afternoon.  His  body 
swelled  much  after  death,  and  purged. 

The  snake  was  in  length  like  a  common  snake  ;  his  colour 
dark  sandy,  with  black  spots ;  his  two  teeth,  or  fangs,  like 
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those  of  a  rattle-snake,  on  the  upper  jaw.  The  poison  lies  in 
the  gums :  and  wherever  they  fetch  blood  of  any  creature 
they  certainly  kill ;  though  in  some  parts  sooner  than  in 
others.  The  oil  of  tobacco  kills  the  serpent,  if  put  in  his 
mouth,  as  was  experienced.  The  people  of  the  country  say, 
that  if,  as  soon  as  any  one  is  bit  by  a  serpent,  they  shall  suck 
immediately  the  wound,  they  may  be  saved ;  but  they  rub 
first  their  gums  and  teeth  with  oil,  that  none  of  the  poison 
may  touch  any  place  where  the  skin  is  broken,  and  spit  out 
immediately  what  they  suck ;  every  time  washing  the  mouth, 
and  taking  more  oil. 

This  serpent  killed  a  dog,  in  about  eight  minutes'  time» 
bitbg  him  at  tlie  end  of  his  ear ;  and  two  young  turkeys 
afterwards  in  tliree  or  four  minutes  each,  biting  them  at  the 
root  of  a  claw;  and  then  we  poisoned  him  with  the  oil  of 
tobacco  out  of  a  reed-pipe,  (that  liad  been  much  used,  and  not 
deansed  for  a  week  or  two,)  and  he  died  in  about  two  or  three 
minutes,  trembling  as  soon  as  the  oil  was  dropped  into  his 
mouth.  There  are  people  who  get  their  bread  by  showing 
these  serpents :  they  find  them  in  hot  days  near  rocks,  ana 
putting  a  forked  stick  near  the  head,  they  take  them  up  care- 
fully by  the  neck,  and  put  them  into  a  leather  bag. 


On  the  Scarabceus  QalecUtis  PuiscUor^  or  the  Death-  Watch, 
By  Mr.  Benjamin  Allen.  —  [1 69S.] 

This  animal  makes  a  noise  resembling  a  watch  i  it  lived 
four  dap  with  me,  beating  exactly^  I  found  it  in  a  copper: 
it  resembled  dry  cUrt  in  colour.  J  found  anotlier  some  years 
before  on  a  rotten  post,  and  it  made  the  noise  like  a  watch,  by 
beating  its  head  on  the  subject  that  it  finds  fit  for  sound* 
Ubis  was  answered  by  another  in  the  same  room,  and  afler 
a  minute's  distinct  beating,  it  would,  forbear  for  the.  other 
to  answer.  The  part  it  beats  with  is  the  extreme  edge  of 
the  face,  which  I  may  call  the  upper  lip,  the  mouth  being 
protected  by  tliis  bony  part,  and  lying  underneath,  out  of 
view. 

It  was  five  sixteenths  of  an  inch  lon^ ;  the  colour  a  dark 
brown,  with  spots  somewhat  ligliter,  irregularly  placed,  which 
would  not  rub  off  readily.  They  lie  athwart  on  the  back, 
and  direct  on  the  head.  Under  the  vaginae  are  pellucid  wings, 
and  the  body  is  of  a  dark  colour.  The  head  appeared  large, 
by  reason  of  a  large  cap  or  helmet  whicli  covered  it  round, 
only  turned  up  a  little  at  the  ear :  from  under  this  appeared 
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the  head,  which  was  flat  and  thin ;  the  eyes  forwards :  the  lip 
hard  and  shining ;  the  bars  of  the  hehnet  gre3dsh. 


On  an  Eruption  of  Fire  otii  of  a  Spot  in  the  Earth.    By 
Dr.  Robert  St.  Clair.  —  [1698.] 

I  LATELY  received  an  account  from  my  brother,  that  on 
the  side  of  one  of  the  Appenine  mountains,  half  way  between 
Bologna  and  Florence,  near  a  place  called  Petra  Mala,  abput 
five  miles  from  Fierenzola,  there  is  a  spot  of  ground,  about 
three  or  four  miles  diameter,  which  incessantly  sends  up  a 
flame  rising  very  high,  without  noise,  femoke,  or  smeU,  yet  it 
gives  a  very  great  heat,  and  it  has  been  observed  to  be  aJways 
thus,  except  at  great  rains,  which  put  it  out  for  a  time,  Imt 
when  that  is  over,,  it  bums  with  greater  vigour  and  heat  than 
before  ;  the  sand  about  it,  when  turned  up,  sends  up  a  flame; 
but  within  three  or  four  yards  of  it  there  grows  com  all  round 
about,  for  it  continues  always  in  the  same  spot.  The  flame 
seems  to  proceed  from  a  vein  of  bitumen  or  naphtha,  that 
cropes,  as  the  miners  call  it,  only  here;  which,  when  by 
ploughing-  or  some  other  accident  the  upper  crust  has  been 
turned  up,  was  kindled  into  a  flame  by  the  heat  and  agitation 
of  the  air,  as  other  salino-sulphureous  bodies  are.  The  mhabit- 
ants  there  have  been  so  little  curious  to  observe  it,  that  they 
believed  that  .there  was  a  great  hole  in  the  flame-place,  but 
he  found  it  to  be  firm  groimd.  Neither  does  any  there  re- 
member, when,  and  upon  what  occasion,  it  first  began.  The 
flaming  well  near  Wigan  seems  to  proceed  firom  a  similar 
cause :  you  may  boil  an  egg  in  it,  and  upon  the  approaching 
of  a  lighted  candle  it  takes  fire  :  both  seem  to  proceed  fix>m 
a  naphtha  or  subtle  bitumen,  only  that  in  a  hotter  country* 
and  being  in  a  drier  soil*  is  more  subtle  and  inflammable. 


Captain  Longford* s  Observations  on  his  own  Experience  vpon 
Hurricanes^  and  their  Prognostics.  —  [1698.] 
It  has  been  the  custom  of  the  English  and  French  inhabit* 
ants  of  the  Caribee  islands  to  send,  about  the  month  of  Jun^ 
to  the  native  Caribees  of  Dominico  and  St.  Vincent,  to  know 
whether  there  would  be  any  hurricanes  that  year ;  and  about 
10  or  12  davs  before  the  hurricane  came,  they  would  con* 
stantly  send  them  word ;  and  it  very  rarely  was  erroneous,  as 
I  have  observed  in  five  hurricanes,  in  the  years  1657,  1658, 
1660,  1665,  and  1667.  From  one  of  these  Indians,  I  had 
the  following  prognostics :  —  n        \ 
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1.  All  litirricanes  come  either  on  the  day  of  thi&  fuU,  change, 
or  quarters  of  the  moon.  2.  If  it  be  to  happen  on  the  full 
moon,  observe  theee  signs  during  the  change  2  the  skies  will 
be  turbulent,  the  sun  redder  than  usual,  a  great  calm,  and  the 
hills  dear  of  clouds  or  fogs  over  them,  which  in  the  high 
lands  are  seldom  so;  likewise  in  hollows,  or  concaves  of  the 
earth,  or  wells,  there  will  be  a  great  noise,  as  of  a  storm,  and 
at  night  the  stars  wiU  look  very  large  with  burs  about  iJiem, 
and  tibe  north-west  sky  very  black  and  foul,  the  sea  smelling 
stronger  than  at  other  times:  and  sometimes  for  an  hour  or 
two  of  that  day  the  wind  blows  very  hard  westerly  out  of  its 
usual  course.  On  the  full  of  the  moon  you  have  the  same 
signs,  with  a  great  bur  about  the  moon,  and  frequently  about 
the  sun.  The  same  signs  must  be  observed  on  the  quarter 
days  of  the  moon,  in  July,  August,  and  September,  the 
months  when  the  hurricanes  are  most  prevalent.  The  earliest 
I  ever  heard  of  was  the  25th  of  July,  and  the  latest  the 
8th  of  September ;  but  the  usual  month  is  August. 

The  causes  of  these  hurricanes,  according  to  experimental 
observations  of  my  time,  are  these :  — 

1.  It  is  known  to  men  of  experience,  that  to  the  south* 
ward  of  the  tropics  there  is  constantly  a  trade-wind,  or 
easterly  wind,  which  goes  from  the  north  to  the  south-east 
all  the  year  round;  except  were  there  are  reversions  of 
breezes,  and  inlets  near  the  land ;  so  that  when  this  hurricane, 
or  rather  whirlwind,  comes  in  opposition  to  the  constant 
trade-wind,  then  it  pours  down  with  such  violence  as  exceeds 
any  storms  of  wind.  In  die  hurricane  at  Nevis,  I  saw  the 
high  mountam  that  was  covered  with  trees  left  in  most  places 
Ifaxe.  ^ 

2.  It  is  remarked  by  all  men,  that  have  been  in  those 
parts  where  the  sun  comes  to  the  zehidi,  thact  at  his  approach 
towards  it,  there  is  always  fair  weather ;  but  at  his  return 
southwards,  it  occasions,  off  the  north  parts  of  the  equinoctial, 
generally  much  rain  and  storms,  as  tornadoes,  and  the  like  ; 
which  makes  the  wind  in  the  tornado  come  on  several  points. 
But  before  it  comes,  it  calms  the  constant  easterly  winds ; 
and  when  they  are  past,  the  easterly  wind  gathers  force  again, 
and  then  tlie  weather  dears  up  fair. 

8.  Hie  wind  being  generally  between  the  tropics  and  the 
equator  easterly,  unless  at  such  times  as  before  mentioned ; 
meeting  with  the  opposition  of  these  hurricanes,  which  come 
in  a  contrary  course  to  that  trade-wind,  causes  this  violent 
whirlwind,  on  the  sun's  leaving  the  zenith  of  Barbadoes,  and 
these  adjacent  islands ;  by  which  the  easterly  wind  loses 
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much  of  its  strength  ;  and  then  the  west  wind,  whkh  id  kept 
back  by  the  power  of  the  sun,  with  the  greater  violence  and 
force  pours  down  on  those  parts  where  it  gets  vent.  And  it 
is  usual  in  sailing  from  Barbadoes^  or  those  islands  to  the 
north,  for  a  westerly  wind,  when  we  begin  to  lose  our  easterly 
wind,  to  have  it  calm,  as  it  is  before  hurricanes :  and  then  the 
wind  springing  up,  till  it  comes  to  be  Well  settled,  causes  the 
weather  to  be  various ;  but  after  the  settled  westerly  wmd 
comes  fresh,  they  have  been  constantly  without  those 
shufflings  from  point  to  point. 

Here  it  is  to  be  observed,  that  all  hurricanes  begm  from 
the  north  to  the  westward,  and  on  those  points  that  the 
easterly  wind  blows  most  violently,  the  hurricane  blows  most- 
fiercely  against  it;  for  from  the  N.N.E.  to  the  E.S.E. die 
easterly  blows. freshest;  so  does  the  W.N,  W,  to  the  S.  S;W, 
in  the  hurricane  blow  most  violent;  and  when  it  comes  back 
to  the  S.  E.,  which  is  the  common  course  of  the  trade-wind^ 
then  it  ceases  of  its  violence,  and  so  breaks  up.  Thus  I 
take  the  cause  of  hurricanes  to  be  the  sun's  leaving  the 
zenith  of  those  parts  towards  the  south ;  and,  secondly,  the 
reverse  or  rebounding  back  of  the  wind,  which  is  occasioned 
by  the  calming  of  the  trade-wind. 


Some  Experiments  and  Observations  concerning  Sounds,   B^ 
Mr,  fT^ZMJj.  — [1698.] 

Intending  to  try  the  swiflness  of  sounds,  I  provided  a 
pendulum,  which  had  two  vibrations  in  1'' of  time:  this  I 
carefully  adjusted  at  a  watchmaker's :  it  was  a  piece  of 
small  virginal  wire,  with  a  pistol  bullet  at  its  end ;  the  length 
was  9  j%  inches  to  the  middle  of  the  bullet :  I  first  made  it 
about  T%  of  an  inch  longer,  viz,  one  fourth  of  the  length  of 
a  pendulum  that  vibrates  seconds,  but  found  it  too  slow, 
which  I  expected  from  the  air's  resistance. 

Here  foUow  the  numbers,  in  English  feet,  which  sound 
moved  in  one  second  of  time  at  several  trials :  — 


Trials. 

Feet, 

Trials. 

Feet. 

Trials. 

Feet. 

1 

1256 

5 

1292 

9 

1278 

2 

1507 

6     . 

1378 

10 

1290 

3 

1526 

7 

1292 

11 

1200 

4 

1150 

8 

1185 

Mersenne  mentions  an  experiment,  in  which  he  found  the 
motion  pf  sound  to  be  1174  feet  in  »  second.    And  the 
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Academy  del  Cimento  caused  six  harquebusses  and  six 
chambers  to  be  fired,  one  after  another,  at  the  distance  of 
5739  English  feet,  and  from  the  flash  to  the  arrival  of  each 
report  was  5" ;  and  repeating  the  experiment  at  the  mid- 
way^  the  motion  was  exactly  in  half  the  time,  which  gives 
114^  feet  per  second.  Mr.  Boyle  also  mentions  that  he  has 
more  than  once  diligently  observed,  that  the  motion  of 
sound  pas.ses  above  400  yards,  or  1200  feet  in  1". 

Mersenne  and  the  Academy  del  Cimento  conclude,  that 
sounds  are  all  of  die  same  quickness,  whether  they  be  great 
or  small,  and  whatever  temper  the 'air  is  of,  though  Mersenne 
was  once  of  another  mind :  but  Kircher,  from  several  experi- 
ments, infers,  that  loud  sounds  move  quicker  than  small  ones. 
Dr.  Plot  says,  an  echo  returned  the  sound  of  a  pistol  much 
quicker  than  that  of  tiie  voice ;  and  that  it  repeated  more 
syllables  in  the  night  than  in  the  day;  whence  it  follows 
that  the  sound  moved  slower  in  the  night  than  in  the  day. 
Kircher  says,  that  an  echo,  which  in  the  night  repeated  14 
syllables,  repeated  only  seven  in  the  day.  Because  there 
seems  to  be  so  great  affinity  between  the  undulations  of 
water  and  the  propagation  of  sound,  the  Academy  del  Cimento 
tried  some  experiments  about  the  first ;  and  they  tell  us,  that 
the  larger  the  stone  is,  which  is  thrown  into  the  water,  and 
the  greater  the  force,  by  so  much  is  the  undulation  swifter. 


On  the  Generation  of  Fleas.    -By  Sig,  D.  Cestone. 

Fleas  bring  forth  eggs,  or  a  sort  of  nits,  from  which  are 
hatched  worms ;  these  make  bags  like  silk-worms,  and  from 
these  bags  come  fleas.  They  deposit  their  eggs  on  dogs, 
cats,  men,  and  other  animals  infested  with  them,  or  in  places 
where  they  sleep,  which  being  round  and  smooth,  slip  com- 
monly down  to  the  ground,  or  fix  themselves  in  the  folds  or 
other  inequalities  of  the  coverlets  and  clothes.  From  these 
are  brought  forth  white  worms,  of  a  shining  pearl  colour, 
which  feed  on  the  branlike  substance  which  sticks  in  the 
combs  when  puppies  are  combed  to  take  out  the  fleas  ;  or  on 
a  certain  downy  substance  that  is  found  in  the  folds  of  linen, 
or  other  similar  things. 

In  a  fortnight's  time  tliey  are  very  lively  and  active :  if 
they  have  any  fear,  or  be  touched,  they  suddenly  roll  them- 
selves up,  and  become  as  it  were  a  ball.  A  little  after  they 
creep  as  silk-worms  do  that  have  no  legs,  with  a  brisk  and 
swift  motion.  When  they  are  come  to  their  usual  size,  they 
hide  themselves  as  much  as  they  can,  and  b^gmsiout  o/ 
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their,  mouths  the  silk,  they  make  round  themselves  a  small 
bag,  white  within  as  paper,  but  without  always  dirty  and 
fouied  with  dust.  In  two  weeks  more,  in  the  summer-time, 
the  flea  is  perfectly  formed  ;  then  it  soon  leaves  its  exuvi^ 
in  its  bag,  as  silk-^worms  and  all  caterpillars  do ;  which  leave 
in  the  same  their  exuviae.     The  flea,  so  long  as  it  is  enclosed 

e  "  ' 


in  the  bag,  is  milk-white,  and 
has  legs ;  but  two  days  before 
it  comes  out,  it  becomes  co- 
loured, grows  hard,  and  gets 
strength,  so  that  comiug 
speedily  out,  it  straight  leaps 
away. 

Fig.  1.  represents  the  eggs ; 
fig.  2.  the  worm ;  fig.  3.  Qie 
bag ;  and  fig.  4.  the  flea ;  but 
all  magnified  by  the  micro- 
scope. 


On  Sable  Mice,  which  have  lately  come  in  Troops  into  Lap^ 
land^  about  ThcyrnCy  and  oiker  Plcuses  adja/cemJt  to  me 
Mountains.    By  Sir  Paul  Rycaut,  F,R.  S.  —  [1699.] 

In  the  year  1697  these  sable  mice  were  first  observed,  and 
are  nearly  as  large  as  a  small  squirrel :  their  skin  streaked, 
and  spotted  black  and  light  brown;  they  have  two  very 
pointed  teeth  above,  and  two  below;  their  feet  like  those 
of  squirrels  :  they  are  so  fierce  and  angry,  that  if  a  stick  be 
held  out  at  them  they  will  bite  it,  and  hold  it  so  fast,  that 
tliey  may  be  swimg  about  in  the  air :  they  are  fat  and  thick, 
and  without  any  tail. 

In  their  march  they,  keep  a  direct  line,  generally  from 
north-east  to  south-west,  and  are  innumerable,  thousands  in 
each  troop,  which  for  the  most  part  is  of  a  square  figure : 
they  march  by  night  and  in  the  twilight,  and  lie  still  by  day. 
The  distance  of  the  lines  they  go  in  is  of  some  ells,  all  [mrallel 
to  each  other,  so  that  the  places  they  have  gone  over  look 
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like  the  furrows  in  a  ploughed  field.  If  they  meet  any  thing 
that  might  stop  them,  they  avoid  it  not,  though  it  were  a 
fire,  a  deep  well,  a  torrent,  lakes,  or  morass,  but  without  any 
hesitation  venture  through,  and  by  that  means  many  thou- 
sands of  them  are  destroyed,  and  found  dead  in  waters,  and 
otherwise. 

If  they  be  met  swimming  over  lakes,  and  attacked  with 
oars  or  boat-hooks,  they  neither  retreat,  nor  offer  to  run  up 
the  oars,  &c.  but  hold  on  their  course,  and  if  forced  out  of  it 
they  presently  return  to  it  again.  When  they  are  met  in 
woods  or  fields,  and  stopped,  they  set  themselves  on  their 
hinder  feet  like  a  dog,  and  make  a  kind  of  barking  or  squeak- 
ing noise,  leaping  up  as  high  as  a  man's  knee,  defending  their 
line  as  long  as  they  can ;  and  if  at  last  they  be  forced.out  of 
it,  they  creep  into  holes,  and  set  up* a  cry  sounding  like 
biabb,  biabb. 

,  They  never  come  into  any  house,  nor  meddle  wjth  any 
thing  that  is  food  for  man :  if  a  house  happen  to  be  in  their 
way,  there  they  $top  till  they  die ;  but  through  a  stack  of 
hay  or  com  they  will  eat  their  way :  when  they  march 
through  a  meadow  they  injure  it  much  by  eating  the  roots  of 
grass ;  but  if  they  encamp  there  by  day  they  quite  spoil  it, 
and  make  it  look  as  if  it  were  burnt,  or  jstrewed  with  ashes. 
The  roots  of  grass,  with  rotten  wood,  and  the  insects  in  it,  are 
their  chief  if  not  only  food*  v  These  creatures  are  very  fruit- 
ful, and  bring  forth  eight  or  nine  at  a  time ;  yet  tliis  does  not 
hinder  their  march ;  for  some  of  them  have  been  observed  to 
carry  one  young  one  in  their  mouth,  and  another  on  their  back. 

It  is  reported  that  some  poor  Laplanders,  wanting  other 
food,  have  killed  and  ate  several  of  these  creatures,  and 
found  their  flesh  like  that  of  squirrels :  dogs  and  cats,  when 
they  kill  them,  eat  only  the  heads,  and  birds  of  prey  only  the 
heart :  during  the  winter  thev  lie  under  the  snow,  and  have 
their  breathing  holes  upon  the  top  of  it,  as  hares  and  other 
creatures.  The  common  people  site  very  glad  of  these  guests, 
as  they  foretell  plenty  of  game,  as  fowl,  squirrels,  lo-cats, 
foxes,  &c. 

These  mice  are  the  same  with  those  called  mures  Norwe- 
gici,  Norway  mice,  described  by  Olaus  Wormius  in  his  mu- 
seum, now  Lemming's. 


On  the  Cure9  performed  by  Mr.  Greatrix^  the  Stroker.    By 

Mr.  Thoressy.'—\\699.'\ 
The  first  instance  I  shall  mention  of  his  cures  was  my 
H  2 
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brother  John  D ^n,  who  was  seized  with  a  violent  pain  in  hb 

head  and  back  when  about  H  years  of  age.  One  of  my  sist^ns 
at  that  time  had  the  small-pox,  and  my  mother  judging  that 
lie  was  taken  with  the  same  distemper,  used  no  means  to  re- 
move it,*  till  by  accident  Mr.  Greatrix  coming  to  our  hons^y 
an4  hearing  of  his  ilbess,  desired  to  see  him ;  he  ordered  the 
boy  to  strip  to  his  shirt,  and  having  given  present  ease  to  his 
head  by  only  stroking  it  with  his  hand^,  he  fell  to  mb  hb 
back,  which  he  most  complained  of,  but  the  pain  immediate^ 
fled  from  his  hand  tb  his  right  thigh ;  he  followed  it  there,  it 
fell  to  his  knee,  from  thenc^  to  his  leg,  but  he  still  pursued  It 
Co  his  ankle,  thence  to  his  foot,  and  at  last  to  his  great  toe ;  as 
it  fell  lower  it  grew  more  violent,  especially  when  in  the  toe 
it  made  him  roar  out,  but  upon  rubbing  it  there  it  vanishfid, 
and  the  boy  cried  put,  It  is  quite  gone.  It  nqver  troubled  him 
after,  but  he  took  the  small-pox  about  three  weeks  after.  The 
next  instance  was  Mrs.  D— - :  she  was  seized  when  a  girl  with 
a  great  pain  and  weakness  in  her  knees,  which  occasioned  a 
white  swelling ;  and  having  used  divers  means  to  no  effect, 
after  six  or  seven  years'  time  Mr.  Greatrix  coming  to  DubUa, 
he  was  brought  to  her,  where  he  stroked  both  her  knees,  the 
nain^ying  downwards  from  his  hand,  it  drove  it  out  of  her  toes : 
ne  gave  her  present  ease,  and  the  swellit^  in  a  shm-t  time 
wore  away,  and  never  troubled  her  after.  One  Mrs.  L  .  .c, 
who,  after  a  fever,  was  much  troubled  with  a  pain  in  her  ears 
and  very  deaf,  came  to  Mr.  Greatrix,  who  put  some  of  his 
spittle  into  her  ears,  and  turning  his  finger  in  them  rubbed 
and  chafed  them  well,  which  cured  h&r  both  of  the  pain  end 

.deafness.    Mr.  Charles  L n  was  cured  by  him  of  the  same 

malady,  having  nearly  lost  his  hearing  by  some  accident,  t^ 
Mr.  Greatrix,  by  stroking,  restored  it.  Mrs.  S— ^^n,  when  a 
child,  was  extlremely  *  troubled  vnih  the  King's  evil :  her 
mother  sent  her  to  be  stroked  in  King  Charles  the  Second's 
time  to  London,  but  she  received  no  benefit;  yet  Mr.  Greatrix 
perfectly  cured  her.  One  Pearson,  a  smith,  had  two^  daughters 
extremely  troubled  with  the  evil^  the  one  in  her  tiiigh,  tlie 
other  in  her  arm:  he  cured  them  both. 

I  could  add  many  things  of  this  nature,  both  of  wtiat  I  have 
seen  and  lieard  frorti  my  mother,  who  was  much  more  wilh 
him  than  rpyself,  but  wanting  room,  shall  only  teH  yoii,  that 
where  he  stroked  for  pains,  he  used  nothing  but  his  irr  hand^; 
but  for  ulcers  or  running  sores  he  used  spittle  on  his  ntod  or 
finger ;  and  for  the  evi^  if  they  came  to  him  before  it  wds 
broke,  he  stroked  it,  and  ordered  them  to  poultice  it  with 
bpiled  turnips,  and  so  did  every  day  till  it  grew  fit  for  lonciog; 
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]i^  thea  lanced  it,  and  with  his  fingers  would  squeeze  out  this 
4^res  and  corruption^  and  then  in  a  few  days  it  would  be  well, 
v^th  his  only  stroking  it  every  morning.  Thus  he  cured 
ij^y  who  continue  well  to  this  day;  but  if  it  were  broke 
JbefQr^  he.  saw  them,  he  only  squeezed  out  the  core,  and  healed 
it  by  stroking.  Such  as  were  troubled  with  fits  of  the  mother, 
be  would,  pDesently  take  ofi^  the  fit,  by  only  laying  his  glove  on 
itheir  head,  but  never  cured  the  distemper  thoroughly,  for  tins 
|its  W011I4  return.  I  have  heard  he  cured  many  of  the  ^ing 
;8ickne8s,  if  they  stayed  with  him,  so  that  he  might  see  them 
IP.  three  or  four  fits ;  otherwise  he  co^ld  not  cure  them. 


JBieds  of  Oyster^sheUs^  found  near  Beading^  in  Berhhkt.    JBy 
Dr,  James  Brewer,  —  [1700.] 

TussiB  Bhells  have  the. entire  figure  ^d  matter  of  oyster <« 
^iiells,  and,  doubtless,  are  such,  llie  compass  of  the  ground 
^fvhere  they  are  dug  up  is  near  six  acres.  Just  above  the  lay^ 
#f  these  oysters  tl^re  is  a  greenish  earth,  or  rather  sand,  and 
under  them  chalk.  I  have  often  secA  in  several  chalk^pits  a 
few  scattered  oyster^shells.  But  )qi  this  place,  they  are,  as  It 
Wi^^re,  one  <u)ntinued  body,  and  in  an  even  line,  tmrough  th« 
irbol<$  extent  of  the  ground. 

This  stratum  of  green  sand  and  oyster-shells  is  about  two 
feet  thicks  Inunediately  above  this  layer  of  green  sand  and 
shells  is  a  bed  of*  a  bluish  sort  of  clay,  very  hard,  brittle,  and 
yugged,  called  a  pinny  clay,  and  is  near  three  feet  thick ;  and 
ioonediately  above  it  is  a  stratum  of  fuller's  earth,  which  is 
pear  .2^  feet  deep,  often  used  by  the  clothiers ;  and  above  this 
earth  a^fun  is  a  bed  of  a  clear,  fine,  white  sand,  without  tW 
least  mixture  of  an^  earth,  clay,  &c.,  which  is  near  seven  feet 
deep ;  then  immediately  above  this  is  a  stiff  red  clay,  being 
the  uppermost  stratum,  of  which  tiles  are  made.  The  depth 
pf  this  cannot  be  conveniently  taken,  it  bemg  so  high  a  hill, 
on  the  top  of  which  is  dug  a  little  common  earth,  about  two 
feet  deep,  and  immediately  under  appears  this  red  clay.  I  dug 
out  several  whole  oysters,  with  both  their  valves  or  shells 
lying  together,  as  oysters  opened  before.  These  shells  are  so 
yeiry  brittle,  that  in  digging,  one  of  the  valves  will  frequently 
drop  fr(Mn  its  fellow ;  but  it  is  plainly  to  be  seen  that  tliey  were 
united  together,  by  placing  tlie  shell  that  drops  off  to  its 
fellow-valve,  which  exactly  corresponds.  I  dug  out  several 
that  were  entire,  nay»  some  double  oysters  with  all  their 
falv^  united.  n        \ 
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An  Account  of  Griants.    By  Dr.  Thomas  Molynevx. 

The  OS  frontis  in  the  anatomical  school  at  Lejden,  though 
it  be  so  vastly  large,  cannot  in  the  least  be  suspected  to  hav<e 
appertained  to  any  other  animal  than  a  man,  being  complete 
every  way,  and  answering  in  all  particulars  to  the  common 
forehead-bone  of  other  men,  excepting  its  magnitude.  And 
arguing  from  the  proportion  that  ihe  same  bone  in  other  men 
bears  to  their  height,  it  must  follow  that  the  man  to  whom 
this  OS  frontis  belonged  was  more  than  twice  the  height  thift 
men  usually  are,  according  to  the  common  course  of  nature. 
And  setting  down,  as  the  most  moderate  computation,  but  5^ 
feet  for  the  height  of  a  man,''he  to  whom  this  bone  belonged 
must  have  been  more  than  11  or  12  feet  high. 

There  is  a  manifest  alliance  and  congruity  observable  in 
nature,  between  the  stature  of  a  man's  body  and  his  age 
during  the  time  of  his  growth ;  and  as  5^  feet  may  well  b& 
esteemed  the  most  settled  and  ordinary  degree  of  height  in  H 
man,  so  about  70  years  may  justly  be  allowed  the  most  corns 
mon  period  of  his  age :  we  have  daily  instances  of  exoeptiona; 
Thomas  Parr  and  Henry  Jenkins,  both  of  England,  and  th& 
dd  Conntess  of  Desmond  and  Mrs.  Eckleston,  both  dP  Ireland, 
who  fully  completed  double  the  usual  term  of  life ;  so  we  have 
no  reason  to  question  the  accounts  given  us  of  odiers,  that 
have  been  found  in  stature  double  the  common  standard 
of  man.  Nay,  both  longevity  and  high  stature  naturally  so 
result  from  their  proper  causes,  that  they  are  often  observied 
to  become  hereditary,  and  run  in  whole  families ;  whence  the 
Greeks  had  their  Macrobii,  and  the  Romans  their  Celsi;  and 
in  Palestine,  of  old,  they  had  their  Anakims,  or  sons  <Rf  the 
giants.  So  that  human  gigantic  bodies  are  nowise  inconsistent 
with  the  course  of  nature.  And,  indeed,  we  have  testimonies 
from  authors  of  unquestionable  credit,  that  there  have  been 
men  in  the  world,  and  it  is  likely  there  still  are,  of  such 
stature,  as  properly  to  deserve  the  name  of  gimits. 

The  first  I  shall  mention  was  one  I  saw  and  measured  af 
Dublin,  in  the  year  1682,  his  name  Edmond  Malone,  who 
measured  seven  feet  seven  inches.  Walter  Parsons,  porter  to 
King  James  the  First,  bom  in  Staffordshire,  was  nearly  of  the 
same  stature;  and  I  fmd  several  other  men  born  in  England 
who  have  arrived  to  this  height 

Isbrand  Diemerbroeck,  in  his  Anatomy,  tells  us,  that  he  saw 
at  Utrecht,  in  1665,  a  man  8^  feet  high,  all  his  limbs  Well 
shaped,  and  his  strength  proportionable  to  his  height ;  he  was 
born  at  Schoonhoven,  in  Holland,  of  parents  of  an  ordmary 
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Stature.  Mr.  Ray,  in  his  Travels,  mentions  having  seen  this 
mSn  at  Bruges,  in  Flanders.  Johannes  Goropius  Becanus, 
who  lived  in  Eianders,  has  recorded  several  instances  still 
more  remarkable :  he  says  he  saw  a  youth  almost  nine  feet 
high)  a  man  near  10  feet,  and  a  woman  quite  10  feet  in 
height.  Pliny  the  naturalist  particularises  by  name  several 
men  in  his  own  age  much  of  tlie  same  height  as  those  men- 
tioned by  Becanus. 

To  these  histories  we  may  add  the  many  concurring  testi- 
monies given  us  by  various  travellers  of  gigantic  men  seen  in 
their  voyages  in  the  more  remote  parts  of  the  world.  Andreas 
Thevet,  in  his  Description  of  America,  tells  us,  that  he  was 
shown  by  a  Spanish  merchant  the  skull  and  bones  of  an 
American  giant,  who  was  1 1  feet  five  inches  in  height,  and 
died  in  the  year  1559 :  he  showed  them  to  M.  Thevet,  who 
took  the  measures  of  the  principal  of  them ;  the  bones  of  the 
legs  measured  three  feet  four  inches  in  length,  and  the  skull 
was  three  feet  one  inch  about.  Which  circumference  h 
exactly  proportionable  to  the  length  of  the  legs ;  and  if  we 
make  an  allowance  for  the  hair  and  skin  that  covered  the  skull 
when  he  was  alive,  it  &lls  very  little  short  of  the  dimensionis 
we  have  before  set  down,  in  computing  the  size  of  our  giant'« 
head  when  it  was  entire. 

From  these  warrantable  histories,  and  this  particular  bone 
b^ore  us,  we  may  clearly  deduce  that  there  have  been  human 
bodies  11  or  12  feet  high ;  equal  to  the  stature  of  the  tallest 
nants  mentioned  in  holy  writ  For  the  height  of  Goliath  of 
Gath  is  expressly  said  to  be  but  six  cubits  and  a  span ;  and 
taking  a  cubit  in  the  most  usual  acceptance  for  a  foot  and  a 
half,  his  stature  will  not  amount  to  above  nine  feet  nine 
-inches.  Indeed  we  may  reasonably  conclude,  that  Og  the 
King  of  Bashan  must  have  considerably  exceeded  Goliath  in 
height,  if  we  make  an  estimate  of  his  stature  by  the  dimen- 
sions of  his  bedstead,  which  is  said  to  have  been  kept  as  a 
memorial  of  him  at  Rabbath  of  the  children  of  Ammon,  and 
to  have  been  nine  cubits  in  length;  but  then  we  cannot 
imagine  but  that  his  bed  must  of  necessity  have  been  much 
longer  than  his  body;  and  the  least  allowance  we  can  make 
for  the  overplus  is  the  space  of  nine  inches  above  his  head, 
loid  as  much  below  his  feet ;  and  if  we  make  this  deduction, 
it  will  follow  he  was  not  above  12  feet  high ;  much  of  thfe 
^ame  standard  with  this  giant,  whose  forehead-bone  is  still 
kept  in  the  medical  school  at  Leyden. 
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C^  ^  jFo«»7  S^ls  and  Fislm  at  Rnniffhki»f  in  Idnwhh 
J.  Mmt^ !  S^  the.Mev.  Mr.  Abb*  de  la  PiJKji». -i-  [ilOOJ] 
^  Ik  this'pAmh  aire  two  stone  pits,  or  quarries,  Verf  v^atm%r 
ablft.t  The  first  is  iit  die  east  end  of  tne  town,  l^e  other  Sh 
Hiie  field,  on  the-soath  of  the  town.  The  stones  off  the' fin»t 
«»  Bot  fbueh'«»ed  for  Irailding,  bemg' soft,  but  what  t^ey-d% 
tiiem  chkifiyfor,  is*to  get  a  clayey  subetitoce,  oi^' eai*th,*'tllt3St 
Jks  under  <dietn^  to  cement  and  lay  the  stones  ef  the  'flnedoncl 
^quarry  in,  «f  which  they  build  their  walls  and  fbibes.^'  'Ih 
i^oh  «ardt  «re  innainerabte  fragments  «>f  the  shells^  of  sheB- 
fisk'Of  various  sorts,  <^f  pectmites,  echini,  cbntMteSj*  irh^ 
bthars,  wtlih  some  bits  am  pieced  of  coral.  '  And  hert^'&^ 
iMMaxetimtes  found  wiu^  ^ell^fish,  with  their  aatoral'iAelb'o^ 
in  their  natural  colours,  much  bruised  ai^d  brokeii,  and  fi^|!»ttl^ 
squdeied  flat  by  llie  gr^  weight  of  the  earth.  '  t  '  *•'-  , 
:>  Tlbe  other  quarry  is  m  the  field  on  the  south  dde-(>f  .^ 
%oiriu  It  is  a  hard  blue  stone,  ai  the  stones  of  most  of  whn^ 
acerinftumeralble  petrified  shi^U-fish  of  various  8oi1is,%!it  s6 
loiitsed  to  the  stone,  that  it  is  very  difficult  to  get  litem  ^iit 
iviho^e;  dud  I  h«re  idways  fi)Und  that 'tiiey  lie  in  the  ^opeffidei 
cf  the  i|uaiiry  whhm  a  fo<>t  of  the  top,  and  few  or  nonfe  Add^p^ii 
la  many  places  of  the  surface  of  the  <)uarry,  (wti^di  Idbkl 
rugged  and  drifted,  as  snow  does  after  a  storm,^^th)§^'^e^ 
many  sh^^h^  imlf  a  th«  9loiie  ai^  half  out ;  just  tis^w^'isee 
ki'jrarers  and  ponds  that  are  4ry,  they  Will  lie  half 'witiyib  m 
9iiid,.iislf -wkbout.  That  pmrt  which'  is  wMhin  the^iq^aaeW^ 
ia^tife  and  whoie,%ulc'a  hafd  'stone,  aiidl^uit  patt  i/^it^-n 
m^haakit  wjudi  .the  petriie  effluvia  dkiL  iiot  touch^^iii  dolisluiied 
andt  gone,  «U  but  skttie  of  the  e4ges,  which  edgeiE/^ai^'bk^ 
tfaett,  andvfaave  all  the  rsK^i  and  striee  on  thdia  thaO  tlife  mSSA 
c^  those  aorta  of  fishes  commonly  have.  -^   '^'  -'  "^ 

<  Alltiiese  sh^l-<fish  hove  their  shells  oUt  aome^^'w)i(di 
aca  joompairativdy  thin*  Soiioetimes  the  sh^s  are  '&i  thei^ 
fietri&ction  sothoraughly  united  unto  and  incorpioMttled'Witli 
the  stons)  thstithfiy  are  scaroely  visMe^  Others  k)  the'temi! 
quarry  hAVe»:^uek  white  slwll  on  them  petrified,  butii^'Iit^ 
coi^rattd  with  the  sid>stBiM»  «f  the  bed  m  w^icli  Cheyfi^ 
In  getting  tJae  fish  out,  ell  the  sh^  sticks  so  (kst  Wthe'ro<^ 
that  most  oommoftly  it  is  lei^b^ind;  \»t  soniieitkificJB  '#i^ 
•heEideaves  in  two,  one  half  of  the  shell  en  both  sides  %f  «h^ 
fiah  atkka  to  il^  and  die  other  half  to  iHith  sidtes  Of  Ihe  1^= 
but  others  come  out  by  lying  inthe'eirtn  frostf  nightSf^W 
the  whole  .natural  shell  on,  mA  the  radii' or  strtcip^ry'eidct* 
Ilicre  are  otbee  fifth>hcrQ,  dm  have  a  lilaclc^'iMii^ott^^^iaV 


with  Beyeral  striae,  but  no  radii,  very  like,  if  not  the  8am« 
«titb  the  oonchtf  »igf a  JRondeletik 

I- have  also  seen  in  4hi»  qoarry  some  shell-fish  half  open, 
atkd  filled  with  tbe^  mal^r  ^  tbe^bed  in  which  they  lie,  and 
se^ified  with  it^  Ojth^rsi.heing  in  heaps  together,  I  have 
iQmid  sonie>  of  th'sm  brokjen,  ^ome  bruised,  and  the  edges  of 
pi^e  fish  thrust  intQithe,  iddes  of  ^another,  some  with  the  one 
shell  thrust  half  way  over  the  other,  &c  and  so  petrified  m 
Uie  bed  togethon  0^er$  in  th^^  same. bed  haye  been  so 
dose,  that  the  matter  of  the  b^d  could  not  insinuate  its^ 
vapa  them.  Some  /of  the^e  tha^  are  thus  found  are  quite 
eq^pty,  others  are  ^ed  with  crystalline  fiuors ;  others  .  I 
have, seen  half  full  of  the  bluish  day  of  the  bed,  and  half  fuU 
Qjttbe  said  crystallisatioos^  which  proceeded  firom  nothing  biij( 
.  ^bterr^eous  heat  apd  effluvia* 

Among  the  fish  in,  this  quarry,  I  have  seen  several  larc^ 
luirse-muscles,  such  as  breed  in  li-esh-water  rivers  and  pon&, 
which  are  exactly  like  the  concha  longa  Rondeletii,  but  are 
thicker  and  fuller  thai^  they  commonly  are;  which  largeness 
ivoceeds  fi*om  the  fertility  ^and  fatness  of  tlie  bed  where  they 
bceed ;  and  in  an  dd  pond  beyond  Broughton  Hall,  there  are 
some  of  the  largest  sort  of  tliis  shellfish  that  ever  I  saw ;  as 
if  tills  soil  agr^  .better  to  the  breeding  of  this  sort  of  fie& 
than  any  other.  , 

As  Bome  thrive  in  a  rich  olayey  soil,  so  other  sorts  of  shells 
fiab  love  a  stony  .gravelly  soil,  others  ft  chalky  soil,  others  a 
rocky  soil^  othei^s  a  lime-stone  ov  salt  soil ;  others,  again,  lava 
Sfi,  oozy  soil^  a.sort4>f  a  confused  mixture  of  all  the  tNe* 
Imping,  aa.part  >of  the  ooumtry  ahoiit  Frodingham,  Brumbee» 
Asbbee,  Botswc^th,  &c.  Ij^  the  fields  and  stones  of  which 
Iqwns  jis.  one.  partfeular .sort  of  fidl^  which  I  know,  not  wfaaH 
genus  or  species  to  comtpare  to^.  bending  somewhat  like  a  < 
la^s  h^m,  and  en^^Uy  creased  on  the  Qutside:like  one,  with 
m  OPf^cuhun  <Mr.  Vd  ^on  it»  which  the  fish  opened  and  shut  ai| 
jl^  bad  occaaipn..  :  Th«  bed  whereon  the  said  shell-fish  bred  ii| 
i)ot  above  a  foot  ti)ick,  ia  whii:h,  but  for  the  most  part  in  the 
iiiperficies)  are  miHians  of  the  said  fish  sticking  half  in  the 
stqne  md  half  ^t^nrhidi  havin^^a  «wsl  .durable  sheH,  that . 
par4:which  stioka  out  of  the  .atone  is  natcoDaoined,  as  m  the 
shi^*£i8bi  jof .  Broni^ton,  hut  remains  whole  and  entire*  Yet 
tjb^^  f^m  whole.  hiQftps  of  themy  that  by  some  gceat  we%hi 
^iltelD /.iipao  them^iJMive  been  shattered  .in  pieces^  and  aa 
p^e^i^.  the,bed^  <th€^  la^» 
« ja.the  paiiih^f  Braugntcaialaoyxiin  tihe  loo^  abcmi 
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«ton6,  the  echini  galeati  puncticulati  Lluyctii,  the  ttii1}iijite8 
major  Lluydii,  the  eoclites  laevis  vulgatior  Lluydii,  in  blue 
gtone,  the  concha  altera  longa  Rondeletii,  exactly  agreeing 
to  the  draught  and  size  of  it  in  Gesner  de  Piscibus.  I  have 
found  also  multitudes  of  belemnites,  great  and  small,  per- 
forated and  flat  at  the  root,  by  which  they  grew  in  the  ante- 
diluvian  sea,  to  some  of  which  were  found  sticking  little 
thell-fish. 

From  all  this  it  sufficiently  appears,  that  there  was  a  time 
when  the  water  overflowed  this  country. 

And  hence  it  happens  that  we  find  shells  and  shell-fi8h,'and 
the  bones  of  other  fishes  and  quadrupeds,  and  fruits,  &c. 
petrified  and  lodged  in  stone,  rocks,  mountains,  quarries,  and 
pits ;  for  it  was  then  the  proper  place  for  them  to  breed  in, 
and  upon,  and  to  be  found  in  at  this  time.  And  as  all 
countries  were  thus  raised  oiit  of  the  bottom  of  the  sea  and 
lakes,  so  that  part  of  the  country  about  Brpughton  appears 
manifestly  to  have  been  the  bottom  of  some  fi-esh^water  lak6, 
because  those  are  fresh-water  shell-fish  that  are  found  there, 
and  the  bed  on  which  they  breed  was  a  fine  blue  clay,  which 
is  the  colour  of  the  stone  to  this  day.  Which  bed,  by  the 
power  of  the  subterraneous  steams  and  effluvia,  was  turned 
by  degrees  into  stone  with  all  the  fishes  therein. 

I  have  also  a  hard  stone,  part  of  the  same  blue  quarry,  with 
little  bits  of  wood-coal  in  it,  and  whole  leaves  of  vaccinia,  or 
whortle-berries,  such  as  grow  on  heath ;  and  Mr.  Llwyd  and 
the  Miscel.  Cur.  in  Germany,  have  given  several  large  ac- 
counts of  whole  leaves  and  plants  fi^und  in  stones  and  rocks, 
and  deep  in  the  bowels  of  the  earth,  some  folded,  some  plain^ 
some  imperfect,  all  of  which  is  very  easily  solvable,  by  their 
being  in  that  general  hurry  and  confusion  seized  upon,  and 
embodied  in  lumps  of  clay  and  other  matter,  while  others 
trere  caught  and  intercepted  in  rolling  beds  of  earth,  as  they 
tumbled  down  from  rising  hills  and  mountains,  and  so  were 
lodged  deep  in  chasms  of  the  ground,  and  petrified. 


ObservaHcm  on  the  Fossils  cf  Eeetdver  CUff.  B^ 
Mr.  Stephen  Gray. — [1700-lJ 
I  WAS  extremely  satisfied  with  the  account  which  Mr. 
De  la  Pryme  gave  of  his  observations  on  the  shells  fa  the 
quarries  near  Broughton.  To  the  many  mstances  the  earth 
exhibits  of  the  great  and  violent  mutations  she  has  suffered^ 
be  pleased  to  take  a  remarkable  one  of  those  I  have  observed 
in  Kent    About  half  a  mile  from  Reculver,  towal*d8  Henn, 


WALLIS   ON  CABKIVORISM.  ,l3f 

there  appears  in  the  clifF  a  stratum  of  shells  in  a  greenish 
sand :  they  seem  to  be  firm,  and  some  of  them  are  ^iitire.; 
but  when  you  attempt  to  take  them  from  tlieir  beds,  they 
crumble  to  powder  between  your  fingers:  the  shells  are  of 
the  white  conchites.  But  what  is  most  remarkable  is,  that  in 
the  lower  part  of  the  stratum,  where  the  shells  lie  thickest, 
there  are  scattered  up  and  down  portions  of  trunks,  roots, 
and  branches  of  trees.  The  wood  is  become  as  black  as  coal, 
and  so  rotten,  that  large  piece$  of  it  are  easily  broken  with 
the  fingers,  I  know  not  at  what  depth  these  may  lie,  the 
surface  of  the  stratum  not  appearing  above  two  feet  firom  the 
beach,  but  I  judge  it  from  the  superficies  or  top  of  the  clifi* 
about  twelve  feet.  The  stump  of  one  tree  standing  upright 
wm  broken  off  about  a  foot  from  the  ground. 


Letter  from  Dr.  Wallis  to  JDr,  Tyson,  concerning  Man^s 
feeding  on  Flesh ;  [1700-1.] 

Gassenpus  in  one  of  his  epistles  states,  as  his  opinion^ 
that  it  is  not  originally  natural  for  man  to  feed  on  fiesh{ 
though  by  long  usage,  at  least  ever  since  the  flood,  we  have 
tieen  accustomed  to  it,  and  it  is  now  become  familiar  to  us ; 
but  rather  on  plants,  roots,  fruits,  grain,  &c.  God  says  to 
AiBxxi,  "I have  given  you  every  herb  bearing  seed,  &nd  every 
tree  in  the  which  is  the  fjruit  of  a  tree  yielding  seed,  to  you 
it  shall  be  for  meat ; "  but  without  any  intimation  of  his  feed^ 
ing  on  the  flesh  of  animals.  But,  without  disputing  it  as  a 
point  in  divinity,  whether  men  before  the  flood  did  or  might 
fe^d  on  flesh,  supposing  it  to  ,be  wholesome  nourishment,  the 
lector  considers  it,  wkh  Gassendus,  as  a  question  in  natural 
plulosQphy«  whether  it  be  proper  food  for  man. 

The  consideration  insisted  on  by  Gassendus  is  from  the 
structure  of  the  teeth,  being  mostly  either  incisores  or 
mola*:6s ;  not  such  as,  in  carnivorous  animals,  are  proper  to 
tear  flesh,  except  only  four,  which  are  called  canini ;  as  if 
nature  had  rather  furnished  our  teeth  for  cutting  herbs,  roots, 
&c.  and  for  bruising  grain,  nuts,  and  other  hard  fi-uits,  than 
&r  teeing  flesh,  as  carnivorous  animals  do  with  their  claws 
and  sliarp  teeth.  And  even  when  we  feed  on  flesh  it  is  not 
without  a  preparative  coction,  by  boiling,  roasting,  baking^,- 
&C.  And  even  so  we  forbid  it  to  persons  in  a  fever,  or  other 
like  distempers,'  as  of  too  hard  digestion.  And  children^ 
before  their  palates  are  vitiated  by  custom,  are  more  fond  of 
fruits  than  of  flesh-meat.  And  their  breeding  worms  is  wont 
to  be  iipputed  to  tlieir  too  early  feeding  on  flesh.-       i 


IM  DERHAM  0H:  THE  -HEA^ro-WATCK  INSECT. 

:  llBsiiigenkliis  conjeotnre  of  GasMndusprdMmtljrtuggCMlid 
lo  die  lySotot  ondther  speenlation,  which  seenis  not  less  e^f^ 
MttntMe,  y&,  Tliere  is  in  swine^  sheep,  oxiexi,  atid  in  tftont 
quaikupedB  timt  feed  on  harbs^  or  plants,  a^  lung  eokm,  trith  k 
CttciBii  at  the  iqpper  end  of  it,  or  somewhat  equivalent^  whidi 
oMtveys  tl|e  food  by  a  long' attd  ^large  progress  fh>m  the 
glomach  downwards^  in  order  to  a  slower  passage  anfd  tongel 
Stay  in  the  intesthies ;  butin  di»gi  of  several  kmds^  and  pro* 
habfy  in  foxes,  w^olves,  and  divers^  other  animsAs  whioh  wre 
dsn&iv^rous,  such  colon*  is  wttnting;  end,  instead  of  it^  is  ii 
more  short  and  dender  gut^  and  a  quicker  passage  through 
the  intestines* 

Whdt  the  Doctor  would  prapose  hereapon  is,  to  cMtBHet 
whether  it  ^nerally  holds,  lor  how  fiur,  that  animds  whidi 
itfe  ndt  carttivoroHB  hs;ve  sodi  a  colon,  or  isomewhat  equhaii 
lent,  and  that  those  which  are  eamivorous  have  it  not:  For 
•if  «(>,''it:  seems  to  be  a  great  intficatifioi  that  nature^  whith  may 
be  reasonably  presumed  to  adapt  the  intestines  to  the  different 
Sl>rts  of  alimentB  that  are  to  pass  dtfough  them,  aocordingly 
ffllbnus  lis.  to  what  ammalftfle^  is  proper  aliment,  and  to  what 
it^snot }  and' that  fHm  thence  we  may  judge  more  solidlj^ 
tiito  irom  -thfe  >struot«ire  of  the  teeth  only,  Whether  or  noil 
fltoh  was  diesigBed  as  pp^r  food'fbrman* 

Nowit  i^  w^U  ImowiA,  ^^  in  man,  and  probably  jn  ^&ie 
Ape,  tnonkey;  bidlx><»i,'^c;.  eui^  00km  is  very  remaiicibla  It 
is  true,  that  the  caecum  in  man  is  ver^  small,  «nd  oedaistO 
be  of  little  or  no  usei^but  in  a  fcytiisitis^in  proportion  much 
larger  than  inradiiUs;  a^d  it  is  possible  that  our  customary 
<£mige  of  dicft,  as  we  grow  up,  n^om  what  origimrlly  woiM 
be, mere  natural,  may  occasioti  its  sfarinldhg  into  this  oon-» 
ti^ilbtisd  posture^        •     '     . 


(^.  an  Imta  e(mmmfy  eilM  Oe  Ik(U^  Sj^  tk^ 

*'  O9  thesie  death-watches,  or  insects  which  make' a  Bidte 
Bfe  the  bea!!^  of  a  watch,  I  have  observed  two  sorts.  1^ 
f^  I  caught'  nitttiy  'laf  thettt ;  4wo  of  which,  a  male  abd 
female,  I  kept  alive  in 'a  Rttle  box  about  thiree  weeks  j-  and 
bbi^d  iitak^  ^^b  ^tftem  beat^  #hene^r  I  ^teased,  by  itoi- 
ti^fibig  Mr  beathig:  At  last  one  died,  and  the  othef  gnowed 
{%  m^  s^l^degh  the  side  of  thei>ox. 
'^\^£he  oth^  death-watch^i^lnappearatace  quite  4Ufiefftit  INMI 
^  I'stst:  k  beats  only  abotlt  %eveii  <$r  eight  strokes  lat  H  tfmeii 
iih<r  quicker;  butthis^ill  b^m  Heme )i««rs  togMfef  #Wcrut 


m^aonmukm,  and  Ida  fltrakesf am  dmravy  Mid  Mke  the  faeitt  of 
arKFatdu  I  hanr«  ieiremfr  jrsara  aUerved  thate  tva  sovto  of 
bml^g^  but  took^H  to  be  iqsdebj  one  and the.tMoa  nuiiml, 
3%e  inaecl  whaoh^aJlLes  tkit.  long  beating  is  a  amaUgrttyiab 
aojitialyt  much  rescmbliiig  a  iouae,  when. looked  on.  wttb  the 
mAedefe;^  far  which  rcfeuMa  I  call  it  oedkuhia  puliatoriiHw 
1(4^  yety  «imUe  in  Buaniegtoeeek  its  ahehcr  when  diatwrbeil 
U-^m  yety  cenmHm  in  aU  pavts  ef  the  houae  in  the  swasmer 
omiadia.  •  They  are  CKttvnielj  shy  <of  beating  when  distuvbedt 
hut'  will  answer  yoo  when  ^you  beat»  if  yon  do  not  dista)» 
1be3n«.  I*  oannot  teU  whether  they  heafa  in  any  othar  thin^ 
but  I  haye  heard  their  noise  only  in  or  near  paper* 
...dmoeraiog  tbeir'.«eaBe»  iear  somewhat  in  doubt*  wbether 
il  lii^  made  t^  beating  their  heads  or  refther  snouta  agaiiMl  4ai 
Tpl9fi^i'(m  whether  it  be  net  madeafler  aomeaueh  manivsr  ii 
glsEi^hbppers  and  omketa  siakeH^eb  neise*.  I  rather  in^Jkie 
tOH^e  fanner  ofKnioov  But  eay.ntaaon-fer  doubting. is,  be*' 
enu^  I  ha?re  observed  theanimal'a  body  give  a  audden  jeak  el 
efery  streke,  bulb  I  eeuid  aoarcelyr.perc^e  any  part  of  it 
teu<^  l^e  papcar*  Itoa  posi^ble  it  might  beat  the-pepei^and 
llttotjpefeeiyeit^  ai9  its  fiodyis^  small,  andnear  the  naper  when 
ie.beel0^taftd  its  niotloii  in  hevHiilg  is  .sadden  end  awift  v  to 
which  reasons  also  it  ia  hard  to  perceive  die  insect :  to  heai 
^i^eHi  a. jrery  ^lek  eye;,  ai»d  jtli^refore  I  ma^e  use  o^  a 
f^yeii;<iglM^  whieh  by  inagni^g  gaye  mo'  nweh  better 
epfiOfftuiaiOrMef  obiw^ieg  it« 


^kg9i^^nu»ff,Smder9f  tieir  Wa^  ofMUing  (Mr  Prey^  spinning 

About  the  latter  end  of  February,  I  caughta  bla«k  jspid^^ 
andyiewing  it  with  my  microscopes,  I  obsoryed  that  his  body 
and  legs  were  covered  with  a  great  number  of  hairs,  that 
ateoit^  tlAii^  astlM^bdstl^  on  a  hog^«bac^  ll^ough  haiiy, 
yet  the  le^  wiere  ao  ^deaty  that  I^ootfld  easily  perceiye  the 
nkftQiri^oi^  ^i  t^  ^lopd  in  seyeral  yems  whiffa  were  not  a 
liMs  b«9a4|l^di6tuiee  from  eaeh  other ;  and  afterwards  I  saiw 
Q^nlS^  bl90d*teBS^,.that  Were.  %ot  the  .tenth,  part  oifa 
IMr^4>l3i^afidt!^.d^tiint  ftom  ea(^ 

;-.:(lkf^f»  nften  seen  a  spider  Im^^png  4nw^  ftom  a  bfl?ancb*<^ 
MM^^]!<^  thread  of  his  own  making,  ^d  holding  fast  byi)0^ 
of  ilia  liiind-legs,  which  haa^  tibo'ee  parttoular  -cjaws*  ^wn  ^ 
wiMAr^pa^*!^  'the:  v^y  end^  and  each  /daw  is  armed  ^th 
mHa^  AeeMx  tike  saws,  wluch  toecards  the  j|Qix^ng  with  the 
«WKtf»eT*baW3wep^e«4«J^^  the  thread 
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it  has  spun  may  be  dose  twisted,  just  as  in  a  pully^  oh  whidk 

the  clockmakers  put  their  lines  to  fasten  the  weight  on,  wMch 

iii  the  begmning  is  wide  and  large,  but  the  longer  it  grows 

^e  narrower  it  is. 

The  fig.  ABCDEF  represent^  a  small  part 

of  the  leg  of  a  spider;  BCD  show  the  two^ 

extreme  claws,  armed  with  teeth  like  saws; 

£  the  third  that  has  no  teeth;  which  claw  I 

suppose  he  uses  on  several  accounts ;  this  is 

certain,  that  when  the  spider  does  not  wind 

himself  by  his  thread  upwards,  but  runs  along  B  ^ 

his  web,  then  he  takes  hold  of  the  spun  thread 

with  this  third  claw.  <  The  above-mentioned 

spider  is  provided  with  eight  long  and  two 

short  legs ;  which  last  stand  out  on  each  side 

of  the  head,  having  such  claws  as  are  before 

mentioned.     Rirther,  I  discovered  eight  dis- 

^ct  eyes,  two  of  which  are  on  the  top  of  the 

head,  in  order  to  see  .what  passes  above  him. 

Below  those  were  two  other  eyes,  to  look 

straight  forwards*    On  each  side  of  the  head  ^  \ 

were  two  more,  close  to  each  other ;  the  two 

fi^remost  eyes  to  see,  I  suppose,  what  passed  collaterally 

before  him,  the  two  hindmost  to  see  the  same  backwards* 

The  engraving  shows 
the  fore  part  of  the  body 
separated  from  the  mem- 
brane or  pellicle  it  lay  in; 
PQ  the  eyes  that  look 
upwards;  KL  those  Aat 
look  straight  forwards ; 
IM  those  that  look  side>- 
ways  forward ;  H  N  those 
sideways  backward.  Now 
as  the  spider's  eyes  are 
immoveable,  having  no 
.  mu  scles  belonging  to  them, 
it  is  easy  to  conceive  how 

necessary  eight  eyes  are,  in  order  to  look  round  about,  the 

more  easily  to  €atdi  his  prey. 

I  found  that  the  i^ider  has  two  instruments  or  cases  for 

his  sting,  in  the  fore-part  of  his  head,  which,  when  he  does 

not  use,  he  places  in  great  order  under  his  eyes,  and  between 

his  two  short  legs.    These  stings  are  crooked  like  a  daw, 

and  very  much  resemble  the  stings  of  scorpionsi  or  Indian 
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nallepedefi.  The  dtings  of  a  spider  hstve  towards  the  end, 
and  on  eadi  side,  a  little  hole,  from  whence,  according  to 
ail  appearance,  when  he  strikea  his  enemy,  he  ejects  a  liquid 
matter,  which  we  call  poison. 

When  I  put  two  or  thtee  of  the  largest  sort  of  spiders  to- 
gether in  the  glass,  I  observed  that  when  they  met,  they  never 
parted  without  an  engagenient,  in  which  one  has  been  some-* 
times  wounded  in  such  a  manner,  that  his  body  was  wet  with 
the  blood  spilt  in  the  battle,  and  that  he  died  soon  after.  I 
always  observed  that  the  lesser  fled  from  the  greater ;  ahd 
when  it  happened  that  two  of  an  equal  size  met  together, 
neither  retired,  but  held  one  an9ther  so  fast  by  their  stings, 
that'  one  would  remain  dead  without  once  stirring,  and  as 
wet  with  the  blood  it  had  lost,  as  if  it  had  lain  some  time  in  the 
water*  I  had  one  spider  that  was  wounded  by  his  antagonist 
in  the  thickest  part  of  his  leg,  from  whence  issued  one  drop  of 
blood  as  large  as  a  sand  grain ;  not  being  able  to  use  ths 
wounded  leg  in  running  away  l^om  his  enemy,  he  raised  it  up 
on  end,  and  presently  after  the  whole  limb  fell  off  from  his 
body ;  and  I  have  observed,  that  when  they  are  wounded  in 
the  breast,  or  upper  part  of  their  bodies,  they  always  dk. . 

When  I  formerly  opened  or  dissected  a  spider,  in  order  to 
discover  that  viscous  matter,  which  I  took  to  be  the  begin- 
ning of  their  web,  and  not  finding  it,  I  was  amazed,  being 
unable  to  conceive  how  such  a  strong  thread  could  in  so 
short  a  time  proceed  out  of  such  a  moist  body,  strong  enough 
to  bear  the  w&ght  not  of  one  only,  but  even  six  spiders;  and 
when  I  endeavoured  to  find  out  die  manner  how  they  make 
their  webs,  one  and  the  same  thread  seemed  to  me  sometimes 
to  consist  of  a  single  thread,  and  sometimes  of.  four  or. five; 
■but  I  could  never  see  how  the  threads  issued  from  the 
spider's  body.  Since  then,  I  took  a  spider,^  aiHi  laid  it  on  its 
hack,  so  that  it  could  not  stir,  and  with  a  very  fine  pair  of 
pincers  drew  out  a  thread,  which  I  could  petceiv6  sticking 
out  of  one  of  the  working  instruments;  in  .doing  which  I  ssm 
abundance  of  very  fine  threads  coming  out  of  the  body  at  the 
same  time;  which,  as  soon  as  they  were  one  or  two  hair'lt^ 
brteadth  distant  fi^om  the  body,  were  joined  together,  and  s6 
made  thick  threads. 

►  Now,  as  we  may  perceive  that  a  spider's  web,  which  to  our 
iwked  eye  seems  but  single,  yet  consists  of  many  other 
ti!^cads,  and  thus  acquires  a  greater  strength;  we  mayirom 
iicnce  certainly  comjude,  that  no  flexible  bodies  (excepting 
iBxetais,  whose  parts-  are  strongly  cemented  by  the  force  of 
^ce^  can  attain  to  any.d^ee  of  atrengdi,  unless  they  coBsiflt 


of  long  united  parts ;  and  the  more  -theae  are  twisted  to- 
gether, or  cemented  with  any  viscous  matter,  the  stronger 
they  are;  which  is  very  obvious  in  flax,  or  silken  thr^^ 
ropeS;  &c. 

To  endeavour  to  discover  the  internal  machinery  of  these 
iOimous  threads,  I  proceeded  to  the  dissection  of  the  body  of 
one  of  the  largest  spiders  I  could  get,  and  very  curiously  in* 
vestrgated  each  part  of  it ;  and,  at  last,,  to  my  great  amaze* 
ment,  I  discovered  the  vast  number  of  instruments  froth 
whence  each  single  thread  proceeded;  indeed  the  number 
was  so  great,  that  I  judged  them  to  be  at  least  400:  yet  they' 
did  not  lie  close  by  one  another,  but  were  dhrided  into 
e^t  distinct  parts  at  instruments;  so  that  if  the  spider 
set  all  these  eight  instruments  to  work  at  once,  there  would 
proceed  from  the  same  eigitt  particular  threads,  which  were 
ii^b  subdivided  into  a  great  number  of  smaller;  bi^t  one  4t 
the  great  threads  would  be  thicker  than  the  other,  becauae 
one  part  of  the  body  would  produce  twice  as  many  threads 
as  the  other  just  by  it. 

I  once  took  a  very  small  frog,  the  length  of  whose  body 
woa  about  an  inch  and  a  half,  and  put  him  into  a  glass  tuhe» 
together  with  a  large  spider,  in  order  to  see  how  tibey  would 
bdiave ;  when  I  observed^  ^t  the  spider  passed  hv  the  ftog 
without  touching  him,  but  yet  he  had  drawn  out  his  stingSi 
as  if  he  intended  to  have  fallen  directly  upon  the  mg. 
Afterwards  I  caused  the  frog  to  run  against  the  spider^  wlui 
thereupon  strudc  it  in  the  back  with  its  stings,  and  wounded 
the  frog  in  two  several  placed,  in  such  a  manner,  that  in  ene 
place  he  left  a  red  spedc,  and  in  the  other  a  blue  one.  HeiVM 
t^xin  I  brought  them  together  again;  when  the  spider  strudc 
his  stings  into  the  fbre-leg  of  the  frog,  who  upon  that  Mag*^ 
gled  go  hard  that  the  spider  was  forced  to  leave  hhn ;  and  I 
objserved  that  some  few  of  the  blood-vessels  m  the  frog's  legs 
were  wounded.  Once  again  I  forced  the  frog  to.  jostle  tbo 
iqiider,  who  upon  that  struck  both  his  stings  into  thehe^f^ 
nose,  after  which  they  both  stood  still  abo^t  half  a  nolinulei 
then  opening  the  glass  I  took  the  spider  out,  while  the  ftim 
sat  sty!  about  an  hoiir,  then  stretched  out  his  hinder  legs*  ana 
died. 

I  took  a  8pider*s  eggs,  and  putting  them  into  a  glass  tube, 
oiuried  them  about  me,  to  see  if  they  would  hatch.  Thtf 
were  laid  by  the  largest  spider  that  I  had  seen  the  UM 
summer,  and  it  was  one  of  the  last  I  could  meet  with  in- the 
gardens. '  On  the  17th  of  the  same  month,  in  the  morning 
viewing  them  agam,  I  saw  25  young  spiders  that  were  Cdme 
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o«t  0^«aip|aii^egg8bitfui4  atxN^  26  more  wbo«^  bodies  wei^ 
Iml^-half  out  of  ^  egg-sbeU)  and  some  of  them  had  they: 
di^Us.  hanging  upon  their  tai)^;  and  ia  the  evening,  about  sjx 
o'clock,  I  reckoned  150  young  ones.  The  next  day  I  viewed 
tbeni.again,  and  then  I  concluded  that  no  more  spiders  would 
^HUn^  CHit  pf  the  eggSy  imd  that  several  which  I.  saw  lying 
abK>ut  ^e  |r}a§a  wqr/^  barren),  and  that  in  others  the  young 
^pMers  were  d^ad;.the  number  of  which  I  judged  to  be  about 
^i  ^md  ^^bo^  10  ox,X%  eggs  weie  blackish.  When  the  glass 
tu}>e,  where;  the  y^ung  spiders  wer^  had  been  out  of  my  pocket 
lHit.l5  minutes,  in  veary  cold  weaiii^i:^  I  a>uld  hardly, disco vei: 
ai\j!(.Iife  pr  motion  in  some  of  th^m;  but  so  soon  as  the  glass 
ti^  bad  been  a. little  ^arm^d  again,  they  were  brisk. ^d 
Uaely^  a^d,  jmqsi,  of  them,  got  together  in  a  company,  as  we 
Be^  m  swacms  of  bq?s,.and  sohujog.  about  the  web,  whjere  th^* 
aggS:  had  been  lodged  before. 

4anuaiT  31st,  I  could  perceive  the  eight  eyes  in  every 
4Q9d?i>. which  beforei  w/ere  not  so  visible ;  but  now  being  of  a  , 
brown  or  darkish  colour,  they  were  easily  distinguishable  from 
4l^-foce«ffMrt  :qf  ^ir.  body^  which  was  white,  as  th^  bjiuder 
pi^w^yiello^i^h.  .\ 

L,fla»uary  2^  I  observed  tjiat  the  legs  of  maoy.  of  th^ 
^46^>  which  b^fpre'  had  been  clear,  and  transparent^  now 
s^sun^d  a  dark  ^colour,  and  ^erwards  began  to  be.  covered 
ffjith  hair ;  wh^eas  I  cpuld  pi^rceiyi^  jaone  a  little  faefpre. 
.  On  tlie  QSiy  their  l«gs  grew  darker^  as  also  the  hinder  p»tt 
^3hieir..bpdie^  whence  their  web  propeeds,  and  ^at  also 
^f^ga^  tp .  be  cavpifed  with  .hairs ;.  I  observed,  also,  that  they 
h|^cast,their  ^yery  thmskioS). and  began. to  be  much ^limbler 
i(ij..their  mption^     ,  ,  _  ,.    .^       ^, 

.-  T^he  25t^;.(;s^w  thamspin  a  thread*  and  manage  It  with  their 
hip^^r-feet  as^w^lVaa.the  qld  opes.;X  obsQCved,  also,  that  Uiey 
^d  eateD  up  the  barren  eggs,,  and  the  othf^rs  wherein  I  sujp^ 
p^f ed  thq  ypung  on^  W  be  d^ad,  which  where  about  50  in 
gs^nber ;  for  a  few  diays  after  th©re.rfmftinecljn9t;hin^  but  the 
bafe  shells..  \  ^  ^.  '..",/.'... .''  -  .  .'  '  \,  ,\- .' ".''. .  ?' 
^,J-  have  compared  the  threads  of  a  full-grpwn  spider  with 
S(^  of  the  hairs  of  nay  beard ;  tlye  thickest  ^art  pt  which  wafe 
placed  before  the  microscope ;  "and  accordmg  \q  the  njcei$.t 


^ing  tliilf  Jiair  J^.tj  round,  l^e^,  100  of  the  fine  thcead^Sfii 
— d^rV  web  are  np^  thlcker.lhapi  ,oae  j?ingle  Jia^r^.!  N^t*^ Jtye 
lj.|p.,jthp,r  as  it  ii  m^st  certainly ^t^r^e^  thai.iOo  ^^puft^ 
i^rs^.wMft>%i:ft^st^%gp^^p^^^^^ 
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another,  larger  than  one  full-grown  gpider,  and  that  each  of 
thoi^e  young  ones  is  provided  with  all  the  working  instrumente 
of  the  old  one,  it  would  follow  that  the  smallest  thread  erf 
such  a  young  spider  is  4<X)  times  smaller  than  that  of  a  lai^ 
one,  and  if  so,  then  ^jOOOjOOO  tlireads  of  a  young  spider  are 
not  so  large  as  a  hair ;  but  then  again,  if  we  consider  of  how 
mxiny  parts  one  of  those  smallest  threads  consist,  we  stand 
astonished  at  the  thought. 

January  30th,  most  of  them  were  employed  in  weaving 
their  web,  so  that  the  glass  swarmed  with  them.  Februaiy 
8tli,  I  could  perceive  that  many  of  the  spiders  had  eaten  each 
other  up ;  and  at  the  very  time  I  looked  on  them,  there  were 
four  upon  one,  whom  they  had  almost  devoured ;  and  here 
and  there  I  saw  pieces  of  legs ;  and  now  the  shells  of  the 
barren  eggs  were  eaten  up  so  clear,  that  I  could  see  nothing 
of  them  remaining, 

February  10th,  my  spiders  were  reduced  to  half  their 
number,  and  those  that  remained  were  eating  the  thickest  <tf 
their  companions*  legs.  Thus  they  diminished  daily,  so  that 
on  the^  last  of  the  said  month  I  could  see  but  30  of  them 
aJive,  among  which  a  few  were  20  times  as  large  as  some  that 
rranained.  March  5th,  I  could  see  but  three  or  four  alive» 
and  about  the  web  I  observed  a  black  matter,  about  which 
the  spiders  had  swarmed  very  much,  and  I  found  that  it  was 
nothing  else  but  a  heap  of  legs  of  those  young  spiders,  whose 
bodies  had  been  devoured. 

On  the  whole,  in  this  animal,  which  to  some  people  is  80 
odious,  I  have  discovered  as  much  perfection  and  hidden 
beauties  as  in  any  other  ;  for  when  I  took  the  fleshy  muscles 
out  of  their  legs,  and  viewed  them  through  the  microscope,  I 
was  astonished  at  their  transparency,  and  they  seemed  to  b^ 
one  body ;  but  when  I  came  to  separate  them,  I  found  that 
they  were  composed  of  very  long  particles,  each  consisting  of 
so  many  folds  or  wrinkles,  that  the  muscle  might  be  dilated 
or  contracted,  as  occasion  should  require. 


Concerning  Trees  found  under  Ground  in  Hatfield  Chase* 

By  ihs  Rev.  Mr.  Abraham  de  la  Pryme.  —  [170L] 
The  famous  levels  of  Hatfield  Chase,  in  Yorkshire,  were 
the  largest  chase  of  red  deer  that  King  Charles  the  First  had 
in  all  England:  containing  in  all  above  180,000  acres  of  land, 
about  half  of  which  was  yearly  drowned  by  vast  quantities  of 
water.  This  being  sold  to  one  Sir  Cornelius  Vermuiden,  a 
Dutcliman,  he  at  length  effectually  dischased,  drained,  and 


70RMAXIOHS  or   HATFIELD  CHASE.  16S 

reduced  it  to  constant  arable  and  pasture-grounds,  and  at  the 
immense  labour  and  expense  of  above  400,000/.  In  the  soil 
<tf  all,  or  most  of  the  said  180,000  acres  of  land,  of  which 
d0,000  were  drained,  even  in  the  bottom  of  the  river  Ouse, 
9nd  in  the  bottom  of  the  adventitious  soil  of  all  Marshland, 
and  round  about  by  the  skirts  of  the  Lincolnshire  Woulds 
unto.  Gainsburg,  Bautry,  Doncaster,  Bain,  Snaith,  and  Hoih 
den,  are  found  vast  multitudes  of  the  roots  and  trunks  of 
trees  of  all  sizes,  great  and  small,  and  of  most  of  the  sorts  that 
diis  island  either  formerly  did,  or  that  at  present  it  does  pro- 
duce ;  as  firs,  oaks.,  birch,  beech,  yew,  thorn,  willow,  ash,  See. 
the  roots  of  all  or  most  of  which  stand  in  the  soil  in  thehr 
natural  position,  as  thick  as  ever  they  could  grow,  as  the 
trunks  of  most  of  them  lie  by  their  proper  roots. 

Most  of  the  large  trees  lie  along  about  a  yard  from  their 
roots,  (to  which  t^y  evidently  belonged,  both  by  their  sita> 
atioB  and  the  sameness  of  the  wood,)  with  their  tops  com- 
monly north-east ;  though  indeed  the  smaller  trees  lie  almost 
eirery  way,  across  the  former,  some  over,  and  others  under 
them  ;  a  third  part  of  all  being  pitch-trees,  or. firs,  some  of 
9i4uch.  are  SO  yards  in  length  and  upwards,  and  sold  for  masts 
and  keels  for  ships.  Oaks  have  been  found  of  20,  30,  and 
95  yards  long,  yet  wanting  many  yards  at  the  small  end ; 
some  of  which  have  been  sold  for  4t,  S/L,  10/.,  and  15/.  a  piece ; 
they  are  as  black  as  ebony,  and  very  durable  in  any  service 
they  are  put  to.  As  for  the  ashes,  it  is  commonly  observed, 
that  the  constituent  parts  of  their  texture  are  so  dissolved, 
that  they  become  as  soft  as  earth,  and  are  commonly  cut  in 
pieces  by  the  workmen's  spades,  which,  as  soon  as  flung  up 
mto  the  open  air,  crumble  into  dust ;  but  all  the  rest,  even 
the  willows  themselves,  which  are  softer  than  ash,  preserve 
their  substance  and  texture  entire  to  this  day.  I  have  seen 
some  fir-trees  that,  having  lain  horizontally,  after  they  fell, 
have  shot  up  large  branches  from  their  sides,  which  have 
grown  up  to  the  bulk  and  height  of  considerable  trees. 

It  is  evident,  that  many  of  those  trees  have  been  burnt, 
especially  the  &:-trees,  some  quite  through,  and  some  on  one 
side  'p  some  have  been  found  chopped  and  squared,  some  bored 
through,  others  half  split  with  large  wooden  wedges  and 
,  stones  in  them,  and  broken  axe-heads,  somewhat  like  sacrific- 
ing a^s  in  shape :  and  all  this  in  such  places,  and  at  such 
depths,  as  could  never  have  been  exposed  since  the  destruc- 
tion of  this  forest,  till  the  time  of  the  drainage.  Near  a 
large  root,  in  the  parish  of  Hatfield,  was  found  eight  or  nine 
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coio^i  of  some  of  the  Roman  emperors,  much  coD&utiMd 
and.de&ced  by  time;  and  it  is  rery  observable,  that  on  tlte 
confines  of  this  low  country,  between  Buming^m.  4Uid 
.Brumby  in  Lincohishire, -are  several  great  hiUs  of  loose  sand, 
.under  which,  as  they  are  yearly  worn  and  blown  away^  are 
discovered  many  roots  pf  large  firs,  with  the  marks  of  the«ate 
as  fresh  upon  them  as  if  they  had  been  cut  down  only  a  few 
weeks ;  as  I  have  often  with  pleasure  seen. 

Hazel-nuts  and  acorns  have  frequently  been  found  at  the 
bottom  of  Uie  soil  of  those  levels  and  moors,  and  whole 
bushels  of  fir-tree  i^ples  or  cones,  in  large  quantities  ^to- 
gether ;  and  at  the  very  bottom  of  a  new  river  or  drain 
(almost  100  yards  wide,  and  four  or  five  miles  long,)  were 
found  old  trees  squared  and  cut,  rails,  stoops,  bars^  old 
finks  of  chains,  horse-heads,  an  old  axe,  somewhat  like  a 
battle-axe,  two  or  three  coins  of  the  Bmperor  Vespasian,  one 
of  which  I  have  seen  in  the  hands  of  Mr.  Cornelius  Lee  of 
Hatfield,  with  the  Emperor's  head  on  one  side,  and  a  spread* 
eagle  on  the  other :  but  what  is  mwe  remarkable  is,  that  the 
very  ground  at  the  bottom  of  tlie  river  was  found  in  some 
places  to  lie  in  ridges  and  furrows ;  thereby  showing  that  it 
h^d  been  ploughed  and  tilled  in  former  days. 

My  firiend,  Mr.  Edward  Canby  of  this  town,  told  me  that 
about  50.  years  ago,  under  a  great  tree  ia  this  parish,  was 
ibund  an  old-fashioned  knife,  with  a  haft  of  a  very  hard  black 
sort  of  wood,  which  had  a  cap  of  copper  or  brass  on  the  one 
end,  and  a  hoop  of  the  same  metal  on  the  other  end,  where 
the  blade  went  into  it.  He  also  found  an  oak-tree  within  his 
moors,  40  yards  long,  four  yards  diametrically  thick  at  the 
great  end,  three  yards  and  a  foot  in  the  middle,  and  two 
y^ards  over  at  the  small  end ;  so  that,  by  moderate  computa- 
tion, the  tree  seems  to  have  been  as  long  again.  At  another 
time  he  found  a  fir-tree,  36  yards  long,  besides  its  com* 
puted  length,  which  might  weu  be  15  yards  more.  So  that 
there  has  been  exceedingly  great  trees  in  these  levels ;  and 
what  is  also  very  strange,  about  50  years  ago,  at  the  vei^ 
bottom  of  a  turf-pit,  there  was  found  a  man  lying^  at^  his 
length,  with  his  head  upon  his  arm,  as  in  a  common  posture 
of  sleep,  whose  skin  being  tanned,  as  it  were,  by  the  moor- 
water,  preserved  his  shape  entire,  but  within,  his  flesh,  and 
most  of  his  bones  were  consumed. 

To  illustrate  and  render  more  intelligible  this  strange  sub- 
ject of  subterraneous  trees,  we  may  here  advert  a  little  to 
ff hat  has  been  observed  in  other  places  and  countries.    Cum* 
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den  and  others  have  told  us,  and  it  is  a  very  comm<m  anid 
well  known  thing,  thai  most  of  the  gtbot  morasses,  mossmi^ 
&D8f  and  bogs,  in  Somersetshire,  Cheshire,  Lfmcashire,  WetfU 
moreland,  Yorkshire,  Staffordshire,  Lincolnshire,  and  ot^r 
counties  in  England,  are  full  ol  the  roots  and  trunks  of  large 
treeSj  most  of  which  are  pitch  or  fir,  and  that  they  have  the 
aome  positions  and  impressions  of  the  fire  and  axe  on  them 
as  those  above  mentioned. 

Giraldus  Cambrensis  tells  us,  that  in  King  Henry  tHe 
^cond's  days,  by  the  force  of  extraordinary  stcmns,  the 
sands  were  so  much  driven  off  the  sea-shore  in  Pembrole^ 
i^re,  that  under  them  were  discovered  great  numbers  of 
roots  and  trunks  of  trees  in  their  natural  positions,  with  the 
strokes  of  the  axe  as  fresh  Upon  them  as  if  they  had  been 
cut  down  only  yesterday,  with  a  very  black  earth,  and  some 
blocks  like  ebony «  And  the  like  w^e  discovered  also  at'Neu- 
gall,  in  the  same  county,  in  1590^  and  in  Cardiganshire^  and 
fn  other  places  since.  ' 

Dr.  Plot  mentions  the  like  roots  and  trees,  found  in  Sheb- 
ben-Pool,  the  old  Pewit-Pool,  and  at  Layton,  and  other  places 
in  Staffordshire ;  and  from  their  natural  situations  he  rightly 
etxacludes,  that  they  certainly  grew  there. 

Dr.  Leigh,  in  his  History  of  Cheshire,  observes,  that  hk 
^training  Martin  Meer,  there  was  found  multitudes  of  thf. 
roots  and  trunks  of  large  pitch-trees,  in  their  natural  posi- 
tions, with  great  quantities  of  their  cones,  and  eight  canoes, 
such  as  the  old  Britons  sailed  in;  and  in  another  moor  was 
found  a  brass  kettle,  beads  of  amber,  a  small  mill-stone,  tlie 
wbole  head  of  a  hippopotamus,  and  human  bodies  entire 
a^  uncorrupted,  as  to  outward  appearance.  Many  places, 
too,  of  the  sml  of  Anglesea  and  Man,  as  also  of  the  bogs  of 
Ireland,  are  full  of  roots  and  trees. 

As  to  other  countries,  Verstegan  tells  ui^,  that  in  many 
^ces  of  the  moors  and  morasses  of  the  Netherlands,  large 
OT-trees  are  commonly  found,  with  their  tops  lying  to  tro 
north-east,  just  as  they  do  in  the  levels  of  Hatfield  Chase.' 
And  Helmont  mentions  the  Peel  there,  a  moss  more  than 
nine  miles  broad.  Also  M.  de  la  Per  says,  that  trees  and 
rbots  are  also  frequently  found  in  the  low  grounds,  and  in 
ihe  levels  and  ihbrasses,  of  France,  Switzerland,  and  Savoy. 
And,  lastly,  Rammazzini  assures  iis,  that  in  the  territories  of 
l^odena,  which, are  several  miles  long  and  broad,  and  atj)re- 
sent  a  most  fruitful  cky  country,  though,  in  the  time  of^the 
Caesars  it  was  nothing  but  a  great  l^ke,  are  found  at  39,  40, 
and  50  feet  deep,  the  soil, of  a  low  tnarsby  country,  fidl  of 
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sedge,  reeds,  shrubs,  roots,  trees,  nuts,  ears  of  com,  leaves  o£ 
trees,  branches,  and  boughs  of  oaks,  ehns,  wahiuts,  ashes^ 
willows,  and  the  very  trees  themselves,  some  broken,  some 
whole,  some  standing  upright,  some  lying  at  their  length,  &70. 
with  old  coins  of  the  Roman  emperors,  old  marbles  and 
stones  squared,  cut,  carved,  and  vnrought  by  the  hands  of 
men. 

M.  de  la  Pryme  then  proceeds  to  show  that  all  these 
forests  were  cut  down  or  destroyed  by  the  Romans  and  other 
military  peo{>le ;  but  the  geology  of  our  days  takes  different 
views,  and  his  paper  is  chiefly  valuable  for  ^e  &cts  which  it 
has  assembled. 


Concerning  same  Remains  lakHy  observed  in  Lincobiskire.    JBy 
Mr.  Thoresby.—[11QI2.'] 

Near  the  river  Welland,  that  runs  through  the  town  of 
Spalding,  in  Lincolnshire,  at  the  depth  of  about  eight  or  ten 
feet,  there  were  found  jettys,  as  they  call  them,  to  keep  up  the 
dd  river  bank ;  and  the  head  of  a  tunnel,  that  emptied  the 
land-water  into  the  old  river ;  also,  at  a  considerable  distance 
from  the  present  river,  I  guess  20  or  30  yards,  there  were  dug 
up,  at  the  like  depth,  several  old  boats ;  all  which  show,  that 
anciently  the  river  was  either  much  wider  than  now,  or  ran  m* 
another  place,  or  both.  On  the  north-west  side  of  the  river, 
and  more  upwards  in  the  town,  were  dug  up,  at  about  the 
same  depth,  the  remains  of  old  tan  vats  or  pits,  a  great  quan* 
tity  of  ox-horns,  shocrsoles,  and  the  very  tanners'  knobs.  Sec  ; 
which  shows  that  the  surface  of  the  coimtry  lay  anciently 
much  lower  than  now,  and  has  been  raised  by  the  sea  throw- 
ing in  sand  on  the  maritime  parts,  which  are  now  mostly 
inhabited,  and  by  the  moor  or  rotten  sedge  in  the  fenny  parts 
next  the  high  country:  the  whole  level  is  about  50  miles 
in  length,  and  30  miles  in  width  in  the  broadest  parts.  No 
record  or  tradition  whatever  informs  us  when  these  mutations 
happened. 

At  the  lajdng  of  the  present  new  sluice  or  gout,  as  they  call 
k,  at  the  end  of  Hamorebeck,  at  its  fall  into  Boston  haven, 
on  taking  up  the  foundation  of  the  old  sluice,  they  met  with 
the  roots  of  trees,  many  of  them  issuing  from  their  several 
trunks,  spread  in  the  ground ;  which,  when  they  had  taken  up, 
and  the  roots  and  earth  they  grew  in,  they  met  with  a  solid 
gravelly  and  stony  soil,  of  the  high-country  kind,  but  black 
and  discoloured  by  the  change  it  had  suffered ;  upon  which 
hard  earth  they  laid  the  foundation  of  this  ne^^  sluice ;  which 
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waft  c0itaUily  the  surface  of  the  old  country  before  it  was 
covered  by  the  sea,  and  was  much  deeper  than  that  at 
Spalding,  as  the  land  is  there  at  present  higher. 


Ckmceming  Green  Weeds  growing  in  Watery  and  wine  Anin 
maJcida  found  ^bout  them.  By  M.  Leuwenhoek. — [1703.] 

I  HAVE  often  heard  the  common  people  say,  that  that  green 
stuff  or  weeds,  observed  to  drive  upon  the  water,  spring  out 
of  the  ground  from  imder  tlie  water.  But  as  often  as  I  have 
observed  the  said  green  weeds,  I  have  always  found  that  they 
are  produced  from  the  seeds  of  the  same  kind,  as  all  other 
trees  and  plants  are. 

I  took  several  of  these  weeds,  and  put  them  into  a  glasa 
tube  of  a  finger's  breadth,  filled  with  water,  and  also  in  a 
lesser  tube,  and  let  the  roots  of  the  weeds  subside  leisurely; 
then  viewing  them  with  my  microscope,  I  observed  a  great 
many,  and  different  kinds  of  animalcula,  of  which  two  sorts 
had  long  tails,  by  which  they  seemed  to  be  fastened  to  the 
roots  of  the  weeds.  These  animalcula  were  shaped  like  a 
bell,  and  they  moved  the  round  cavity  of  their  bodies  in  a 
manner  that  they  put  the  small  parts  of  the  water  into  such 
a  motion  that  I  could  not  see  the  instruments  they  used  to 
produce  it. 

And  though  I  saw  20  of  these  animalcula  together,  gently 
moving  their  long  tails  and  outstretched  bodies,  they  con- 
tracted their  bodies  and  tails  in  an  instant,  and  then  gently 
extended  them  again  ;  and  this  kind  of  motion  they  continued 
a  great  while. 

HIKLMNOPQR  represent  a  small  part  of  the  said 
root,  as  it  appeared  in  the  microscope,  through  the  whole 
length  of  which  were  to  be  seen  its  vessels  with  their  divi- 
sions ;  which  roots,  I  imagine,  were  of  no  further  use,  and 
ih  a  manner  withered;  Siey  were  also  overgrown  with  a 
sreat  many  particular  long  particles,  and  mostly  with  little 
figures  like  flowers,  as  are  represented  in  the  fig.  between  K 
and  L.  The  animalcula  before  mentioned  are  to  be  seen 
like  little  bells,  at  I  S  T  and  N  V  W;  I  saw  above  a  hundred 
of  these  animalcula,  with  their  tails  fastened  to  the  root, 
Hnd  living,  between  H I K  L  M,  but  other  roots  had  none  of 
them. 

In  several  of  these  roots  I  observed  one,  and  some  &w 
times  two,  sheaths  or  cases  fastened  in  them,  of  sever^  sizes; 
the  largest  is  represented  by  R  X  Z  Y.  Out  of  the  same 
sheath  appeared  a  little  animal,  the  fore-part  of  whose  body 
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was  roundish,  as  in  X  Z  Y ;  and  presently,  from  the  wne 

rotundity,   proceeded 

two  little  wheels,  that 

had  a  swift  gyration, 

always   one  and  the 

same  way,  as  in  ahc; 

these     small    wheels 

were  as  thick  set  with 

teeth  as  the  wheel  of 

a  watch;   and  when 

these  aniraalcula  had 

for  some  time  exerted 

their  circular  motion, 

they  drew  their  wheels 

into  their  body,  and 

theu"  body  wholly  into 

their  sheaths,  and  then 

soon  after  thrust  them 

out    again  with    the 

aforesaid  motion ;  an- 
other while  they  re- 
mained as  it  were  shut 

up  in  their  shells;  and 

though  I  oBserved  the 

same  wheels  in  other 

animalcula    also,   yet 

their    bodies   diiSered 

from  each  other,  and  ^^ 

their  sheaths  were  of  a  darkish  colour,  so  that  I  could  not 

easily  perceive  the  animalcula ;  and  they  seemed  to  be  com- 
posed of  globules. 

Prfc/ represent  the  sheath  with  the  little  worm  Prf/in 

it :  in  the  same  figure,  Ogh  show  a  sheath  with  half  the  body 

a£  the  same  animalcule  gh  protruded  out  of  it ;  and  in  which, 

by  reason  of  its  exceeding  smallness,  the  wheels  could  only  be 
seen  now  and  then,  and  that  only  when  the  body  was  ex- 
tended, which  would  soon  be  compressed  or  shrvmk  up ;  and 
about  the  middle  of  the  body  of  one  of  these,  which  I  con- 
ceived to  be  the  lower  part  of  its 
belly,  there  was  another  of  the 
same  kmd,  but  smaller,  the  tail  of 
A  which  seemed  to  be  fastened  to 
the  other. 

ABCDEFGH     represent 
one  of  these,  about  double  the 
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.natural  size>  whilst  it  was  in  the  water,  and  faslened  to  the 
root  of  the  green  weeds ;  A  is  the  tail  with  which  it  &steii8 
itself;  C  D  £  represent  eight  horns  (though  others  that  were 
smaller  had  but  six) ;  it  is  drawn  as  stretched  out  at  its  whole 
length;  but  when  contracted,  it  was  not  the  foiarth  part  so 
long. 

B  H  show  an  animalculum  coming  out  of  the  body  of  the 
larger,  which  phenomenon  at  first  I  thoOght  might  be  a  young 
animalcule  fastened  by  chaise  to  an  dd  one ;  but  observing 
it  more  narrowly,  I  saw  it  was  a  partus,  for  I  could  now  see, 
that  although  this  animalcule,  when  I  fost  discovered  it,  had 
only  four  very  small  horns,  16  hours  afber  it  was  grown 
much  larger,  both  in  horns  and  body,  and  four  hours  after  tliat^ 
it  forsook  its  mother's  belly* 

In  die  discovery  of  the  s^d  young  animalcule,  I  had  ob- 
served, on  the  other  side  of  the  body  of  the  largest  animal* 
cole,  a  small  round  knob  of  seed,  which,  in  a  few  hours, 
grew  lai^er,  and  at  last  pointed;  and  in  19  or  14  hours  it 
became  so  large,  that  I  could  see  two  horns  upon  it.  In 
24  hours  it  had  acquired  four  horns,  one  of  which  was-  small, 
the  second  larger,  the  two  others  very  large ;  and  these  two 
last  were  more  strongly  protruded  and  contracted  than  the 
smaller.  Three  hours  s^r,  this  animalcule  was  got  clear 
of  its  mother. 

I  endeavoured  to  pursue  my  discovery  of  the  generation  of 
these  creatures,  ana  in  order  thereto,  wiped  off  the  ^een 
weeds  from  the  body,  the  better  to  make  my  observations ; 
when  the  animalcule  was  found  not  only  deaid^but  his  horns 
and  part  of  the  body  quite  wasted. 

Another  animalcule,  that  had  brought  forth  two  young 
ones,  had  her  body  laden  with  another  sort  of  animalcuhiy 
whose  shape  was  fiat  below,  and  round  above,  which  I  have 
observed  m  most  waters;  and  this  last  sort  were  above  a 
thotisand  times  less  than  the  others  on  which  they  crawled, 
and  hiadered  their  motion ;  but  a  much  larger  animalcule, 
whose  body  was  almost  round,  tormented  one  of  the  aforesaid 
animalcula,  not  only  by  ruoning  upon  its  body,  but  by  clinging 
80  fast  to  one  of  its  horns,  that  whatever  effort  the  other  made 
to  get  rid  of  it,  she  could  not  shake  it  off;  and  at  last  I  found 
she  had  lost  one  of  her  horns  in  the  scuffle. 

I  observed  in  the  green  weeds  abundance  of  strange  animal- 
cula, some  of  which  feed  upon  the  same  green  stuff,  and  to 
others  it  serves  instead  of  skulking 'holes,  to  hide  themselves 
from  the  fish,  which  would  otherwise  devour  them. 
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Concerning  a  Waterspouty  lately  observed  at  Hatfield.    By 
(he  Bev.  Mr.  Ajbr.  J)e  la  Pbyme,  F.R.  S.  —  [1703.] 

On  the  afternoon  of  June  21. 1702,  about  two  o'clock,  no 
wind  utirring  below,  though  it  was  somewhat  great  in  the  air, 
the  clouds  began  to  be  much  agitated  and  ch-iven  together ; 
on  which  they  became  very  black,  and  were  very  visibly  hur- 
ried round,  from  whence  there  proceeded  a  most  audible 
whirling  noise,  like  that  commonly  heard  in  a  mill.  After  a 
while  a  long  tube  or  spout  came  down  from  the  centre  of  the 
oongregatea  clouds,  in  which  was  a  swift  spiral  motion  like 
that  of  a  screw,  when  it  is  in  motion,  by  which  spiral  natuie 
and  swift  turning  water  ascends  up  into  the  one  as  well  as 
into  the  other.  It  proceeded  slowly  ftom  west  to  north-east, 
broke  down  a  great  oak-tree  or  two,  frightened  the  weeders 
out  of  the  field,  and  made  others  lie  down  flat,  to  avoid  being 
whirled  about  and  killed,  as  they  saw  had  happened  to  several 
jackdaws,  which  were  suddenly  snatched  up,  carried  out  of 
sight,  and  then  thrown  a  great  way  off  among  the  com.  At 
length  it  passed  over  the  town  of  Hatfield,  to  the  great  terror 
of  Sie  inhabitants,  filling  die  whole  air  with  the  thatch  it  took 
off  from  some  of  the  houses;  then  touching  on  a  comer  of 
the  church,  it  tore  up  several  sheets  of  lead,  and  rolled  them 
together  in  a  strange  manner ;  soon  after  which^  it  dissolved 
and  vanished,  without  doing  any  further  mischidP. 

It  is  commonly  said,  that  at  sea,  the  water  collecta  and 
bnbMes  up  a  foot  or  two  hi^  under  these  spouts,  before  they 
are  joined :  but  this  is  a  mistake,  owing  to  the  pdlucidity  and 
fineness  of  those  tubes,  which  certainly  touch  the  sur&ce  of 
the  sea  before  any  considerable  motion  can  be  produced  in  it, 
and  that  when  the  pipe  begins  to  iSll  with  water,  it  then  be* 
comes  opaque  and  visible.  As  for  the  reason  of  their  dissolv* 
ing  of  themselves,  aft^er  they  have  drawn  up  a  gre^t  quantity 
of  water,  I  suppose  it  is  b^rand  throu^  the  great  quantity  o£ 
the  water  they  have  carried  up,  which  must  needs  thioceii 
the  clouds,  impede  th^ir  motion,  and  by  tiiat  means  dissolvtt 
the  tubes. 


Abstract  of  Letters  relating  to  some  Microscopical  Ohservaiimuim 

The  greatest  of  my  microscopes  shows  a  hair  of  the  hesA 
considerably  above  an  inch  in  diameter;  and  some  eyes  see  it 
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at  least  two  inches ;  but  supposing  it  a  bare  inch,  and  that,  ag 
Mr.  Hook  affirms,  640  hairs'  breadth  makes  one  inch,  the 
length  and  breadth  of  an  object  will  by  it  be  enlarged  640 
times,  the  surface  409,600,  and  the  solidity  262,144,000. 

One  of  the  first  objects  I  tried  my  glasses  by,  was  a  living 
louse ;  in  which  I  eould  plainly  see  the  motion  of  the  muscles^ 
when  he  moved  his  legs;  which  are  all  joined  in  alongish  dark 
spot  in  the  middle  of  his  breast,  where  the  tendons  seem  all 
united.  The  like  motion  of  muscles  is  also  visible  in  the  head 
when  he  moves  his  horns,  and  in  the  several  articulations  of 
his  legs.  I  saw  also  clearly  a  multitude  of  various  branch- 
ings of  arteries  and  veins,  and  the  pulse  regularly  beating  in 
several  arteries.  But  the  most  entertaining  signt  is  the  pe-  . 
ristaltic  motion  of  the  intestines,  which  is  continued  from  the 
stomach  through  all  the  guts  to  the  anus.  I  have  observed 
the  like  peiistaJtic  motion  in  a  flea,  and  in  several  sorts  of 
small  transparent  maggots  and  caterpillars. 

I  thoi/ght  a  mite  would  also  prove  a  good  subject  for  the 
microscope ;  but  found  them  not  so  transparent  as  I  expected. 
However  I  plainly  saw,  that  all  the  bristies  on  the  body  of 
one  of  them  ^which  to  a  common  single  glass,  and  to  the 
greatest  magnifier  of  my  three-glassed  microscope,  look  like 
plain  smooth  hairs,)  were,  when  viewed  with  a  large  magnifier, 
all  spicated,  or  bearded  like  the  ear  on  the  seed-head  of 
some  grasses ;  and  every  bristle  on  the  whole  body  and  legs, 
both,  long  and  short,  had  the  same  formation. 


Having  pulled  off  a  handful  of  muscles,  which  stuck  to  a 
piece  of  a  rock  that  was  covered  by  the  sea  every  tide,  I 
found  that  the  organs  by  which  they  nx  themselves  so  firmly 
to  a  stone,  that  even  a  storm  will  not  wash  them  off,  were 
threads  which  proceeded  from  that  part  called  the  beard  of 
the  muscle,  and  which  had  on  their  extremity  a  flat  spongy 
substance,  that  adhered  only  by  imposition,  like  the  suckers 
or  wet  pieces  of  leather  which  boys  fasten  to  stones. 

Some  of  the  muscles  which  I  brought  were  little  more  than 
a  quarter  of  an  inch  long.  I  took  one  of  these  out  of  the 
shell,  and  exposed  it  to  the  microscope  on  a  thin  plate  of 
Muscovy  glass,  and  holding  it  to  the  light  of  a  candle,  I  saw, 
in  the  thinner  parts,  a  vast  number  of  veins  and  arteries,  and 
the  blood  circiuating  in  them  more  distinctly  than  I  ever  saw 
it  in  any  other  animal :  for  1  had  this  advantage  in  the  ob- 
servation, that  the  object  lay  always  quiet,  without  changing 
place,  and  my  plate  was  so  thin  that  I  could  bring  to  it  what 
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magnifiers  I  pleased,  and  look  without  disturbanceias  long  as 
I  pdeased. 

I  found  a  small  worm  running  among  some  fruit,  which 
had  a  multitude  of  legs,  and  was  not  quite  half  an  inch  long, 
the  body  being  not  thicker  than  a  hog's  bristle.  This  insect 
I  put  alive  into  a  small  tube,  and  found  it  a  perfect  scolo* 
pendra,  whose  body  was  made  up  of  60  incisures,  at  eveiy 
one  of  which  was  a  pair  of  legs,  one  on  each  side,  and  each 
leg  had  five  articulations.  On  his  head  were  two  horns,  each 
of  16  joints,  and  under  it  a  pair  of  terrible  forceps,  red> 
crooked,  and  pointed  like  the  talons  of  a  hawk ;  and  I  oflen 
saw  him  open  and  shut  them,  and  wipe  his  horns  through 
them. 

.  I  found  a  small  black  fiat  tick 
sticking  on  my  arm,  which  had  got  its 
fore-part  so  far  into  the  skin,  that  I 
could  hardly  separate  it  with  the  point 
^a  needle,  so  as  to  preserve  it  entire/ 
4nd  unhurt.  I  observed  its  snout* 
ihaped  not  unlike  the  jagged  proboscis 
of  the  serra  piscis :  the  fore-part  beii^ 
like  the  end  of  a  broad-pointed  sworo, 
is  clear  and  transparent,  and  has  three 
teeth  on  each  edge,  below  which  there  comes  out  another 
serrated  part  on  each  side,  almost  at  right  angles  ;  but  dus 
is  partly  hid,  when  viewed  on  the  back,  by  a  thick  horn  c^  on 
the  side  of  the  head. 

I  afterwards  examined  the  snouts  or  probos- 
cides  of  dog-ticks,  to  see  if  they  had  the  like 
conformation,  and  found  their  appearance  as  isx 
'  the  fig.,  the  snout  a  being  so  covered  by  the 
two  clumsy  thick  horns  b  b,  that  the  serrated  edges  could  npt 
be  perceived;  but  separating  the  horns,  with  some  difiiculty> 
I  could  plainly  see  eight  teeth,  or  jaggs,  on  each  side :  but 
the  snout  of  a  dog-tick  has  not  the  ^^tional  serrated  part 
which  is  in  the  wood-tick.  I  could  also  perceive  a  tube  or 
canal  run  tiu-ough  the  snout,  and  s^  some  bubbles  move  up 
and  down  in  it* 

I  have  found  some  of  those  anlmalcula  in  pepper-water, 
almost  incredibly  minute,  which  appear  even  to  my  greatest 
ma^ufiers  not  so  lar^e  as  a  mite  to  the  naked  eye ;  and  in  the 
larger  sort,  I  can  pmily  see  the  little  feet  by  which  they  per- 
form such  brisk  motions,  which  1  never  could  find  before.  I 
have  also  discovered  another  sort  of  animalcula,  which  are 
very  slender  long  worms,  of  which  my  pepper-water  ia  ^x- 
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oeedingly  full :  they  are  all  of  the  same  thickness,  but  thenr 
lengths  various,  and  at  a  medium  I  judge  the  proportion  of 
their  length  to  their  breadth  at  least  as  50  to  one.  Even  to 
the  greatest  magnifiers  they  look  like  shreds  of  horse-hair  to  a 
naked  eye ;  from  a  quarter  to  three  quarters  of  an  inch  long ; 
on  a  moderate  estimate,  their  thickness  is  not  the  100th  part 
of  a  hair's  breadth,  and,  consequently,  if  you  imagine  a  hair  of 
your  head  split  into  above  7800  equal  fibres,  each  fibre  would 
be  as  thick  as  one  of  these  animalcules.  Their  motion  is 
equable  and  slow,  and  they  wave  their  bodies  but  little, 
though  sometimes  they  make  greater  undulations.  They 
swim  with  the  same  facility  both  backward  and  forward ;  so 
that  I  cannot  distinguish  at  which  end  the  head  is,  and  I  have 
seen  the  same  worm  go  forward  with  one  end,  and  back  again 
with  the  other  end  foremost,  above  20  timss  toge^er. 
Sometimes  they  will,  like  leeches,  fix  one  end  on  the  glas^ 
plate,  on  which  the  water  is  laid,  and  .^"n^^^  >-  ■  — 
move  the  loose  part  of  their  body  round  ^  — ^^"^^^ 

about  very  oddly.    These  I  take  leave  to  ^^^^^^^^      '— — 
call  capillary  eels,  and  they  are  represented  in  the  several 
postures  in  which  I  have  seen  them  swim. 

I  find  the  dust  of  the  fungus  pulverulentus,  or  puff-ball,  to 
be  the  minutest  powder  that  I  ever  saw :  to  the  naked  eve, 
when  crushed,  it  appears  alike  a  smoke  or  vapour,  and  with  a 
common  microscope  the  particles  cannot  be  distinguished  i 
but  when  viewed  with  the  greatest  magnifiers,  each  grain  is 
visible,  and  exactly  alike,  appearing  a  perfect  spherule,  of  an 
orange  colour,  something  transparent,  whose  axis  is  not  above 
the  50th  part  of  the  diameter  of  a  hair ;  so  that  a  cubical 
vessel  of  a  hair's  breadth  of  a  side,  would  hold  125,000  of 
them. 

I  have  seen  in  some  water,  fishes  as  small  as  cheese-mites, 
of  different  sorts,  and  very  curiously  made :  they  are  of  the 
crustac^ous  kind ;  with  many  joints,  and  very  long  horns ; 
Iringed  tails ;  and  have  many  legs  like  shrimps ;  some  of  these 
carry  their  eggs  or  spawn  under  their  tails  in  one  bag, 
anouier  sort  in  two  distinct  bags,  and  some  kinds  on  tl^ 
fringes  of  their  legs,  like  lobsters. 

"nie  animalcula  in  pepper-water,  represented  in  fig.  e,  are 
very  common.  The  tails  of  some  of  these  are  nine  or  ten 
times  as  long  as  their  body  (which  is  about  one  t^ird  of 
a.  hair's  breadth)  but  generally  they  are  four  or  five  times 
as  long.  As  they  move  they  will  often  curl  up  the  tail 
in  the  posture  marked  at  b,  and  this  spring  is  so  strong,  that 
when  the  tail  is  entangled  (as  commonly  it  is)  by  the  end, 
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they  bring  back  their  whole  body  by  llie  jerk  and  convolu. 

lion  of  the  tail, 

which    then    re-  * 

turns  to  its  first 

straightness.With 

a  good  glass,  the 

end  of  the    tail 

seems  to  have  a 

knob  on  it  as  in 

a,  and  the  folding 

appears  as  in  6; 

but  examining  it  with  one  of  the  greatest  magnifiers,  I  found 

the  knob  to  be  only  a  close  spiral  convolution,  like  the  worm 

of  a  bottle-screw,  and  Jthat  the  whole  tail  when  curled  up 

was  sJso  spiral :  this  flippearance,  with  the  great  magnifier, 

is  represented  in  c  and  d.    I  have  also  seen  &em  sometimes 

as  in  e. 

These  animalcula  also 
abound  in  all  waters,  and 
are  the  largest  of  all ;  for 
I  can  see  them  in  a  good 
light  and  position  with 
the  bare  eye,  their  length  being  about  the  breadth  of  a 
hair.  These  have  a  very  quick  motion,  and  are  perpetually 
beating  about  Kke  a  spaniel  in  a  field,  and  by  their  frequent 
turns  and  returns,  sudden  stops,  and  casting  0%  seem  to  be 
always  hunting  for  prey. 

Among  these  are  commonly  another  sort,  but  aiot  above 
one  third  of  their  size,  whose  feet  are  also  very  visible ;  some 
of  them  are  shaped  almost  like  a  flounder,  and  others  are 
rounder  behind ;  for  by  their  motions  and  actions  I  judge 
them  the  same  animals.  These  also  will  stand  and  run  on  a 
hair,  or  any  thing  in  the  water. 

I  thought  those  which  I  called  capillary  eels  had  been  pe- 
culiar to  pepper-water  ;  but  I  have  since  observed  the  same, 
though  but  few,  in  some  stagnant  water  which  drained  from 
a  horse  dunghill.  This  liquor  was  mum-coloured,  and  the 
most  pregnant  of  all  that  I  had  ever  seen;  and  it  would  seem 
incredible  to  say  what  a  prodigious  number  of  all  sorts  I  esti- 
mated to  be  in  a  quantity  of  it  of  the  size  of  a  pepper-corn ; 
for  they  appeared  tfs  thick  as  bees  in  a  swarm,  or  ants  on  a 
hillock ;  so  that  I  was  obliged  to  dilute  the  water,  to  observe 
the  particular  sorts.  I  found  in  this  not  only  almost  all  the 
animalcula,  seen  in  the  other  infusions,  but  m^^  sorts  which 
I  had  never  met  with  before*  D-^mze6  by 
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I  found  a  curious  mechanism  in  a  small  diving  insect> 
found  in  standing  waters.  It  is  like  a  small  fly,  wiUi  a  head 
like  a  house-cricket ;  but,  instead  of  wings,  it  has  two  pad- 
dles on  the  shoulders,  and  on  the  end  of  the  hinder  legs> 
which  are  longer  than  the  other  four,  instead  of  feet  and 
daws  are  perfect  oars.  I  have  also  observed  in  two  or  three 
sorts  of  flies,  that  behind  the  eyes,  on  the  top  of  the  head, 
are  placed  three  protuberances,  with  a  black  shining  globe 
in  each,  like  a  ball  in  a  socket,  and  are  so  disposed,  as  if 
made  to  look  directly  backwards.  They  are  perfectly  smooth, 
and  without  those  hemispherical  divisions  visible  in  the 
cornea  of  the  eyes  of  the  fly  and  beetle  kind,  but  appear 
more  like  those  of  a  spider. 


On  the  Seeds  of  Oranges,  Sfc.    By  Ifr.  Anthony  Van 
Leuwenhoek*  — [17D3,] 

In  November,  I  received  a  present  of  some  Surinam 
oranges ;  and  in  the  first  I  opened  were  S8  complete  kernels. 
I  opened  several.  After  stripping  one  of  these  kernels  of 
the  outer  membrane,  I  discovered  that  there  lay  a  string  under 
it»  that  caused  a  little  protuberance  in  the  first  skin ;  from 
which  string,  not  only  the  seed  but  the  plant  within  it 
receives  its  increase  and  nourishment.  Now  we  may  cer- 
tainly conclude,  that  the  said  string  does  actually  compre- 
hend in  itself  as  many  distinct  vessels  as  are  to  be  found  in  the 
orange-tree  when  arrived  to  full  maturity ;  for  if  all  these 
vessels  were  not  in  the  young  plant,  while  it  lies  involved  in 
its  mother,  the  kernel's  matrix,  whence  can  they  afterwards 
proceed?  Though  the  said  string  was  very  small,  yet  I  was 
resolved  to  try  XS  I  could  have  a  sight  of  the  vessels  within 
it,  and  I  succeeded  several  times,  but  not  without  a  great 
deal  of  trouble. 

Having  split  the  seed  into  two  parts,  one  of  which  is  repre- 
sented by  C  D  E  F,  together  with  part  of 
the  plant,  which  would  have  become  a 
tree  sticking  close  to  it,  the  plant  itself 
f  K  may  be  seen  at  C,  no  larger  than  a  grain 
of  sand  to  the  naked  eye.  The  coun- 
terpart of  the  said  kernel  is  represented 
by  6  H I K,  and  G  the  little  pit  or  bed  of  the  plant ;  and  in 
the  said  figure  between  H  and  K,  the  cavity  in  which  the 
second  seed  also  lay,  as  likewise  at  D  F. 

This  sight  was  wholly  new  to  me,  though  I  had  dissected 
many  sorts  of  seeds  before ;  viz.  to  see  in  the  middle  of  one 
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seed  or  kernel  another  complete  and  perfect  seed;  especially 
when  I  considered  that  from  the  vessels  ari»ng  out  of  the 
string,  and  dispersing  themselves  through  the  membranes, 
both  the  kernel  and  plant  are  produced ;  and  yet  these  same 
vessels  must  insinuate  themselves  into  the  very  heart  of  the 
£rst  seed,  before  they  can  produce  a  second  seed  and  plant 
within  it. 

Placing  the  plant  represented  at  C  in  the  preceding'  fig. 
before  a  microscope,  I  had  it  dili- 
neatedLMNOPQ;  where  QLM 
is  partly  that  which  nature  intends 
for  the  body  and  root  of  the  tree  ; ' 
NOP  the  leaves  with  which  the 
young  plant  is  already  provided; 
and  O  P  that  part  of  the  leaf  which 
is  ne^tt  the  sight,  and  somewhat 
protuberant,  by  reason  of  the  in- 
closed smaller  leaves.  MN  and 
P  Q  show  the  two  sides  of  the  plant 
torn  off  from  the  kernel,  to  which 
it  was  united,  and  from  which  it 
received  its  nourishment  I  also 
turned  the  young  plant  a  little 
about,  as  it  stood  before  the  microscope,  to  show  the  two 
largest  leaves ;  whereas  in  the  former  position,  I  could  see 
only  one  of  them.  Between  the  two  great  leaves,  according 
to  all  appearance,  a  great  many  small  ones  are  shut  up ;  but 
when  I  came  to  cut  the  leaves  across^  as  they  lay  involved  in 
the  bed  of  the  plant,  I  imagined  that  I  saw  the  said  small 
leaves ;  and  when  I  cut,  after  the  same  manner,  that  part  of  the 
plant  which  is  to  be  the  body  and  root  of  the  tree,  I  discovered 
within  the  small  particle  that  which  was  designed  for  the  pith, 
and  even  the  wood  itself,  and  all  as  plainly  as  if  I  had  been 
observing  with  my  naked  eye  a  young  plant  of  an  inch  thick. 
W  X  Y  Z  represent  the  texture  of  tlie  pith, 
as  it  appeared ;  where  may  be  observed  a  great 
many  small  particles,  which  at  first  siffht  one 
would  be  apt  to  take  for  irregular  globules, 
but  placed  in  a  right  line,  and  all  of  them  of 
J  ^  greater  length  than  breadth ;  these  I  take  to 
^  be  nothing  else  but  small  tubes  or  vessels,  by 
which  the  future  plant  receives  its  nourishment,  and  perhaps 
every  one  of  them  is  covered  with  a  distinct  membrane. 

I  put  one  of  these  kernels  into  a  glass  tube,  and  on  the 
10th  day  I  observed  that  the  seed  was  come  to^uch  maturity, 
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that  the  part  which  nature  in- 
tends for  the  body  of  the  tree 

was  grown  up  as  high  as  the 

corl^;  and  on  the  12th  day  it 

appeared  as  in  the  figure  R  S  T. 

I  then  took  the  plant  out  of  the 

glass  tube,  when  it  appeared  as 

ABCDEFGH;    only   thiia 

plant  had  but  one  root,  A  C  D  H; 

but  others  have  more.     Here 

FG  shows  that  part  which  is  to 

be  the  tree;  DE  the  seed  or 

kernel,  which  being  surrounded 

with    its   membranes    I    took 

them  off,  the  better  to  expose 

to  view  those  parts  that  serve 

for  the  nourishment,  not  only 

of  the  root,  but  of  the  upper  parts  of  the  plant 
likewise,  as  also  the  short  strmg  D.  Thus  we 
may  see  with  the  naked  eye,  how  a  small  par<> 
ticle,  no  larger  than  a  coarse  sand  (as  the  plant 
is  represented  at  C  above),  is  increased  in  bulky 
withm  the  space  of  11  days;  and  all  this  is 
efiPected  by  heat  and  moisture  in  a  close  vessel ; 
a  plain  demonstrati(Hi  that  the  plant,  and  all 
that  belonged  to  it,  was  actually  in  the  seed ; 
5r^'r=>v  that  is,  not  only  the  young  plant,  its  body,  root, 
and  fruit,  but  even  its  seeds  also^  to  perpetuate 
the  species. 

After  one  of  these  seeds  had  lain  near  six 
weeks  shut  up  in  the  glass  tube,  and  growii  in 
proportion  to  that  time,  I  observed  that  one 
of  Its  leaves  was  withered  or  corrupted ;  on 
which  I  opened  both  the  corks,  and  poured 
out  the  sand,  which  being  very  dry  came  away 
^  easily,  but  a  small  branch  of  the  root  had  so 
insinuated  itself  into  the  cork,  that  it  could 
not  be  separated  without  violence.  I K  L  M  N 
represents  the  said  whole  plant,  of  which 
LMN  shows  the  body,  and  M  the  three  leaves 
at  the  top,  it  had  put  forth ;  IKL  is  the  root, 
with  its  twi^s  and  branches ;  L  NO  the  seed,  or 
kemel,stillsurroundedwith  its  membranes;  and, 
lastly,  I P  shows  the  cork  that  stopped  the  bot- 
tom of  the  tube,  with  the  root  sticking  to  it. 
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Concerning  the  Figures  of  Sand,  By  M,  LsuwESBOEty 
F.R.S.  —  [\10^.'\ 
I  HAVE  formerly  affirmed  of  sand,  that  you  cannot  find  in 
any  quantity  whatever,  two  particles  that  are  entirely  alike  ? 
and  though,  perhaps,  in  their  first  configuration  they  might  be 
alike,  yet  at  present  they  are  exceedingly  different;  the 
gand,  especially  what  we  make  use  of,  is  liable  to  such  great 
alterations,  that  it  would  be  a  wonder,  if  even  in  its  smallest 
particles,  of  which  there  may  be  a  thousand  in  one  small 
grain,  there  should  be  an  exact  similitude. 

I  got  some  shining  sand,  which,  though  very  thin,  was  not 
transparent,  its  lustre  being  wholly  occasioned  by, the  re- 
flection of  the  light  from  its  polished  sides :  several  particles 
of  this  sand,  which  were  mudi  larger  than  the  rest,  reflected 
no  light,  though  they  seemed  smooth  to  the  naked  eye ;  from 
whence  I  concluded  that  they  had  lost  their  lustre  by  the 
firequent  rubbing  of  their  sioes  against  others.  When  I 
viewed  several  grains  of  the  sand  with  my  microscope,  I  was 
furprised  to  see  that  many  of  them  were  hexangular,  and  the 
mcnre  when  I  had  sifted  the  finest  from  the  coarsest;  neither 
could  I  observe  that  any  of  the  sands  were  like  each  other. 
I  viewed  the  said  sand  with  great  attention  several  times, 
imagining  that  by  some  earthquake  or^otherwise  it  might  be 
thrown  up,  from  flie  place  where  it  had  lain  at 
rest,  to  the  superficies  of  the  earth ;  and  many 
grains  as  I  fancied  had  preserved  their  ori^naJ 
8h^>e  and  figure ;  for  Uiey  had  received  little 
or  no  damage. 

The  figure  represents  a  hexangular  grain  of  J 
8an<]^  that  was  as  bright  and  shining  as  any  f 
polished   metal,  and   the  triangular  figures, 
which  appear^  on  it,  were  as  bright  as  the*: 

rest  of  the  body,  which  occa- 
sioned a  very  agreeable  sight. 

Before  one  of  my  glasses  I . 
placed  another  gram  of  sand, 
less  than  the  former,  but  it  was 
flat,  and  not  the  16th  part  so 
large  as  a  coarse  grain  picked 
out  of  our  common  white  sand. 
This  was  a  surprising  sight,  and 
is  represented  ii;>  the  engraving, 
where  you  may  see  not  only  as 
it  were  a  ruined  temple,  but  in 
the  comer  of  it  appear  two 
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images  of  human  shape,  kneeling  and  extending  their  armi 
towards  an  altar,  that  seems  to  stand  at  a  small  distance 
from  them. ' 

The  third  figure  representsj,  as  near 
as  could  be  traced,  another  hexangular 
small  sand,  with  two  sharp  points  like 
OTTamids,  and  each  side  that  composed 
tnem  very  smooth  and  shining :  I  have 
seen  several  such  sands,  that  on  each 
side  had  a  smooth,  shining,  and  oblique 
scqierficies,  sometimes  on  one  sinde 
grain  to  the  number  of  24  such  poliuied  sides  or  faces. 

I  have  also  observed  seversd  small  sands,  which,  instead  of 
terminating  their  six  sides  in  a  sharp  point,  ended  sometimes 
in  a  triangle,  quadrangle,  and  even  in  a  pentagonal  or  hexan* 
guliar  shining  flatness.  I  remarked  several  three-sided  sands, 
of  which  some  were  regular  triangles,  which  were  very  thin 
and  shining,  others  were  thicker. 

There  were  other  sands,  that  were  complete  hexangles,  the 
flat  sides  of  which  appeared  like  a  steel  looking-glass  in  a 
frame ;  and  in  some  of  them  were  little  holes,  which  seemed 
to  be  likewise  hexangular ;  whence  I  concluded  that  such  a 
hole  was  made  by  the  pressure  of  another  sand  of  the  like 
figure*  When  I  viewed  anv  of  these  sands  didewise,  each  of 
ihe  sis  sides,  which  in  the  figure  appear  as  a  frame  or  border, 
seemed  to  be  a  polished  looking-glass. 

bk  short,  should  I  undertake  to  give  a  view  of  1000  others, 
and  should  enter  on  a  strict  examination  of  every  one  of 
them,  I  doubt  not  but  we  should  discover  every  one  of  them 
to  be  of  a  different  size  and  figiffe,  besides  several  other  par- 
ticularities which  might  be  peculiar  to  each  one.  I  have  also 
dbserved  that  this  shining  saiid  weighed  twice  as  heavy  as 
cfox  common  scouring  sand.  Now  on  taking  some  of  the 
pellucid  or  transparent  sand,  (which  did  not  shine,  because 
It  reflected  no  Ught,)  I  observed  that  the  sides  and  angles 
of  each  grain  were  freer  from  scars  and  blemishes  than 
most  others  I  had  yet  consid^ed ;  from  whence  I  con* 
dtided  that  such  sand  had  not  lain  long  near  the  surface  of 
the  earth. 

Aiaaodg  these  shining  sands,  I  discovered  others  that  had 
no  lustre  at  all,  neither  had  any  of  their  particles,  when 
broken  to  pieces,  but  it  appeared  to  be  a  dark  red  matter ; 
and  in  other  sands,  so  broken,  there  was  not  only  a  red 
matter,  but  even  100  shining  particles,  all  proceeding  from 
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one  sand.  I  have  also  seen  some  sands,  which  in  the  middle 
ofWeir  shining  sides  represented  small  figures  without  lustre; 
but  on  viewing  them  more  narrowly,  I  found  it  was  a  red 
matter,  incorporated  as  it  were  in  the  sand.  Of  several  sanda 
of  the  coarsest  sort,  placed  before  a  microscope,  one  seemed 
to  represent  an  irregular  rock  of  stone,  another  a  deep 
Cavern,  &c. 

I  took  a  piece  of  white  marble  brought  from  Italy,  which 
was  of  two  sorts,  the  one  strong,  the  other  light  and  very 
brittle.  I  broke  the  brittle  marble  gently,  that  the  configu* 
ration  of  the  small  particles  might  not  be  much  altered;  and 
having  viewed  several  of  them  with  my  glass,  I  saw  abundance 
of  surprising  particles,  which  may  justly  be  styled  sands,  with 
their  regular  sides  and  angles,  and  many  of  them  of  the  same 
figure  as  the  shining  sand. 

We  may  well  conclude,  that  the  grains  of  sand  which 
compose  such  stones,  were  not  only  soft  at  the  time  oi  their 
coalition  or  union  with  each  other,  but  that  at  the  same  time 
there  intervened  a  very  inflexible  fixed  salt,  instead  of  mortar, 
between  the  particles  of  sand;  unless  you  choose  to  say,  that 
each  particle  of  salt  in  some  degree  consists  of  such  fixed 
salts.-' 

Afler  this  I  took  a  piece  of  hearth-stone,  so  sofl,  that  I 
could  easily  crumble  it  between  my  fingers ;  and  afterwar A 
viewing  it  with  one  of  my  glasses,  could  perceive  nothing  but 
particles  of  sand,  without  the  least  smooth  side,  or  regular 
angles ;  and  it  seemed  to  me,  that  this  sand  had  acquired  a 
sort  of  conglutination,  or  was  grown  into  a  solid  substance, 
which  we  call  stone,  a  long  time  afler  it  had  been  noting 
but  sand,  and  its  particles  had  been  worn  and  collided  against 
each  other. 

After  this,  I  took  a  small  piece  of  mineral  stone,  brought 
from  Sumatra,  Which  was  so  rich,  that  100  cwt.  of  it  con- 
tained near  50  gilders  of  silver,  and  30  of  gold :  the  piece 
was  about  the  size  of  a  common  bean;  and  putting  it  over  a 
pretty  smart  fire,  the  sulphur,  of  which  there  was  a  great 
deal  in  the  mineral,  stood  in  bubbles,  and  remained  on  the 
stone  in  the  figure  of  round,  black,  burnt  globules;  I  then 
dropped  it  red  hot  into  water,  where  it  remained  whole,  only 
with  this  difference,  that  whereas  before  it  was  very  firm, 
now  it  became  very  brittle;  and  having  broken  it,  I  perceived 
it  to  consist  chiefly  of  irregular  particles,  though  some  few 
were  of  an  exact  diamond-cut;  and  I  could  see,  much  more 
plainly  than  before,  the  globules  of  gold  and  silver,  l3ring  se- 
parately from  one  another,  some  of  the  former  of  which  were 
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80  exceedingly  8inaii>  that  they  almost  escaped  the  'sight  in 
the  microscope. 

A  New  Divisum  of  Terresirial  Brule  Animals^  ^ 
of  those  that  have  their  Feet  fanned  Uke  Hands, 
Edwabu  TrsoNy  M.D.  F.E.  S.—  [1704..] 

We  may  observe  these  differences  between  the  fingers  and 
toes  of  the  ape  kind  and  carnivorous  animals,  that,  in  the 
former,  the  fingers  are  much  longer,  having  usually  a  thumb 
set  at  a  distance  from  the  range  of  the  other  fingers ;  and  are 
adapted  for  holding  what  they  grasp ;  and  especially  to  assist 
them  in  climbing  trees,  &c  for  catching  their  prey.  Whereas 
in  the  latter,  the  toes  are  shorter,  and  are  set  in  a  more  even 
range  together,  and  better  contrived  for  swift  running,  by 
which  way  this  sort  of  animals  take  their  prey. 

We  shall  not,  in  this  place,  consider  further  the  structure 
of  "the  feet  of  carnivorous  animals,  but  give  a  subdivision  of 
those  animals  which  have  their  feet  formed  like  hands.  Now 
where  there  is  a  thumb,  though  we  may  esteem  the  hand 
there  more  perfect,  yet  I  find  it  is  not  always  necessary. 
«  Under  the  first  member  of  this  division  I  include  the  ape 
and  monkey  kind,  which,  as  I  have  shown  in  my  discourse  on 
ike  ourang-outang,  ought  rather  to  be  reckoned  a  four-handed 
than  a  four-footed  animaL  And  considering  how  large  a 
species  of  animals  may  be  reduced  imder  this  quadrumanous 
kmd,  agreeing  in  this  particular,  though  in  others  different,  I 
think  it  but  just  to  assign  them  a  general  class,  afterwards  to 
be  subdivided  according  to  the  gradual  difierences  they  have 
from  one  another. 

The  romack,  therefore,  though  differing  much  from  the 
monkey  kind  in  the  head  and  face,  yet  bemg  quadrumanous, 
and  on  each  hand  having  a  thumb,  I  reduce  under  this  head. 
This  animal  was  brought  alive  firom  Fort  St.  George.  Whe- 
ther it  is  described  by  any,  or  what  other  names  it  is  called 
by,  I  know  not.  And  because  in  its  face  and  head  it  so  much 
resembles  a  fox,  and  in  the  rest  of  its  body  a  monkey,  I  shall 
call  it  the  fox-monkey.  But  the  next  I  have  mentioned  in 
^tis  class,  the  coati  of  Brasil  and  Yirginia,  or  the  rackoon  or 
rattoon,  though  it  does  not  resemble  the  monkey  kind  in  its 
body,  yet  because  it  has  hands  like  a  monkey,  I  place  it  like- 
wise here ;  as  well  as  all  others  whose  feet  are  all  formed  like 
hands,  and  have  a  thtunb  on  each. 

For  there  are  some  that  have  not  a  thumb  on  their  fore- 
feet, and  others  that  want  one  on  the  hinder,  in  the  number 
of  the  former  may  be  reckoned  the  vantrevan,  the  squirrel 
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kind  and  mouse  kind,  or  any  others  that  may  be  observed  to*- 
have  all  their  feet  formed  like  hands,  only  that  their  fore-feet 
want  the  thumb.  The  vantrevan  altogether  resembles  a  mon- 
key :  on  the  fore-feet  it  had  only  four  long  fingers,  but  no 
thumb.  It  is  a  beautiful  animal,  very  brisk  and  nimble  in 
motion,  and  is  loving ;  it  has  a  very  long  tail,  by  which  it 
suspends  its  bod^  as  the  opossum  does.^ 

The  squirrel  kmd  has  on  the  fore-feet  four  long  fingers,  on  the 
hind-feet  five,  and  one  like  a  thumb.  It  uses  its  fore-feet  like 
hands  in  holding  up  its  food  to  its  mouth,  and  lives  on  trees,  as 
monkeys  do.  But  Uie  a£Bnity  between  the  monkey  and  squirrel 
kinds  appears  better  by  some  monkeys  I  have  seen,  which 
on  the  belly  have  a  large  thick  fur,  and  a  thick  brushy  tail 
like  the  squirrel ;  whereas  usually  the  ape  and  monkey  are 
thinner  of  hair  on  the  belly,  and  Uiat  on  their  tail  is  shorter. 
This  sort  of  monkey  I  call  tiierefore  the  squirrel-monkey,  or 
sduFo-pithecus.  But  its  face  more  resembled  a  man's  or  an 
ape's,  as  likewise  its  teeth,  and  in  these  respects  it  differs 
muph  from  the  squirrel  kind. 

Nearer  to  the  squirrel  comes  the  mouse  kind,  which  in  the 
shape  of  its  hea4>  the  long  teeth  beforehand  the  large  and 
prominent  eyes,  it  more  resembles;  and  it  uses  its  fore-feet 
as  hands  in  teeding  itself,  where  it  has  four  fingers  without  a 
thumb,  but  on  its  hinder  feet  it  has  five,  of  wMch  the  inner* 
most  and  outermost  are  placed  at  a  distance  from  the  range 
of  the  three  middle  fingers,  like  two  thumbs,  as  may  be 
observed  in  some  of  the  lizard  kind. 

We  come  next  to  those  animals  that  have  only  two  feet 
formed  like  hands,  and  those  are  either  the  fore-feet  or  the. 
hinder.  Those  whose  fore-feet  only  are  formed  like  hands 
have  either  a  thumb  there,  as  the  mantegar,  i&c.  or  have  only' 
four  fingers  without  a  thumb,  as  the  cuando,  &c.  The  map- 
t^^,  when  sitting  and  supportii\g  itself  by  a  stick  in  one 
hand,  erect,  and  holding  a  cup  in  the  other,  would  drink 
out  ^f  it,  and  not  lap :  its  food  was  chiefly  fruits. 

Among  those  animals  whose  fore-feet  are  like  hands,  and 
have  no  tiiumb,  I  reckon  the  porcupine  kind :  as  the  cuandu 
of  Brasil,  a  sort  of  porcupine  described  by  Margrave  and  Jow 
Nieuhoff,  (Voyages,  p.  18.)  which  on  the  fore-feet  has  only 
four  fingers,  on  the  hinder,  five.  Therefore,  as  Margrave  ol> 
sores,  for  want  of  a  thumb,  it  is  but  slow  in  climbing  trees ; 
but  the  better  to  help  itself  it  twists  its  tail  about  a  bough  to 
save  itself  from  falling.  And  much  alike,  if  not  the  same,  is 
tiie  tlaxjuatzin  spinpsum  of  Hernandez.  Also  the  common 
poraipine,  before  has  four  fingers,  behind  five.  So  the  tamandua 
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€^  Brasil,  or  ant-bear,  before  has  only  four  fingers,  where  the 
want  of  length  in  the  fingers  is  supplied  by  that  of  the  na&, 
and  behind  it  has  five  toes.  But  I  must  confess  there  must 
be  some  allowance  made  for  ranging  this  anomalous  animal» 
as  Mr.  Kay  calls  it,  here ;  but  because  he  dimbs  trees,  and 
in. doing  this  makes  use  of  his  tail,  as  some  others  here  men* 
tioned'do,  I  was  willing  to  include  him  with  the  rest.  An4 
we  may  Kkcwise  bring  in  here  the  ai,  the  ignavus,  or  sloth, 
because  it  climbs  and  lives  on  trees,  and  has  a  head  not  unlike 
an  ape's;  and,  as  Margrave  assures  us,  two  teats  on  the 
breast,  but  on  each  foot  only  three  claws,  with  veiy  long 
nails,  like  the  tamandua,  and  its  feet  bebg  very  narrow  and 
thus  defective  in  toes,  it  is  very  slow  in  motion.  Among  the 
animals  whose  hinder  feet  only  are  like  hands,  is  to  be 
reckoned  the  carigueya  or  opossum. 

Ccmceming  Harwich  Cliffs^  and  the  F'ossii  Shells  Jimnd* Acre* 
By  Mr.  Sauvu.  Dale.  —  [1704.] 

Harwich  cliff  is  a  sort  of  promontdry,  which  divides 
Orwel  haven  firom  the  eestuarium  contained  between  that  and 
Walton  Nase :  it  is  situated  near  a  <;[uarter  of  a  mile  distaiit 
to  the  south  of  the  town,  and  contams  many  aores  of  liand  r 
ite  greatest  height,  from  the  strand  or  beadi  to  the  top»  is  40 
or  50  feet.  At  the  bottom  of  this  cliff  is  a  stratum  of  clagr, 
which  is  succeeded  by  anoth^  of  stone,  each  about  a  foot 
thick;  in  this  stratum  of  stone  are  imbedded  divers  shelh 
(though  but  thinly)  as  well  of  the  turbinate  as  bivalve  kindy 
and  also  pieces  of  wood  and  sticks.  Over  this  are  divers 
strata  of  bluish  clay,  about  the  height  of  20  feet :  this  day 
has  pyrites  or  copperas  stones  stickm^  in  it,  but  I  could  ob*? 
serve  no  shells.  Above  this  are  likewise  divers  strata,  which 
readi  to  within  about  two  feet  of  the  surface ;  some  of  which 
are  only  of  fine  sand,  others  small  stones  and  gravel,  mixed 
with  fragments  of  shells,  and  in  others  small  pebbles  are 
mixed;  and  it  is  in  some  of  these  last-mentioned  strata,  that 
the  fossil  bivalve  and  turbinate  shells  are  imbedded,  which  lie 
promiscuously  together :  the  strata  with  the  shells  observe 
no  order  in  their  lying,  being  sometimes  higher  and  some- 
tames,  lower  in  the  clS*;  and  sometimes  two  or  three  one 
above  another,  with  other  strata  of  sand,  fragments,  and 
gravel  between. 

How  those  shells  or  marine  bodies  came  to  be  deposited 
here,  is  a  subject  which  has  employed  the  heads  and  paw  (tf 
several  learned  and  ingenious  men.  I  shall  therefore  only 
make  some  remarks  on  the  positive  assertion  of  a  recent 


184  LEUWEKHOEK   ON  COCHINEAL. 

author,  concerning  the  imbedding  of  these  fossil  shells  in  this 
difF,  and  the  alteration  of  the  channel,  viz.  "  That  this  bed 
of  shells,  which  covers  the  cliff,  was  carried  thither  at  the 
making  of  the  harbour  or  clearing  of  it.  For  the  harbour  or 
channel  there  is  artificial,  and  of  no  old  date,  the  current 
having  been  formerly  on  the  other  side  of  Languard  Forty 
which  then  stood  in  Essex."  Against  the  first  part  of  which, 
although  many  reasons  might  be  given  to  prove  the  contrary, 
I  shall  only  observe,  that  as  our  author  begs  the  question. 
How  else  coidd  the  shells  lie  at  the  top  of  this  cliff?  I  shall 
also  ask  him,  Why  the  same  strata  of  sand,  and  fragments  of 
shells,  with  the  same  fossils  imbedded,  are  to  be  found  at 
Walton  Ness  on  the  other  side  of  the  sestuarium,  which  b 
five  or  six  miles  broad  from  Harwich,  as  also  at  Bawdfey 
diff  in  Suffolk,  which  is  eight  or  nine  miles  distant,  and  in 
other  cliffs  on  that  shore,  where  I  have  met  w\th  them?    ^«i 

A  second  question  may  here  be  asked,  How  it  comes  to 
pass,  that  none  of  those  buccina  heterostropha  (whose  exuviae 
are  in  such  plenty  in  all  the  cliffs  hereabouts)  are  not  now  to 
be  found  in  this  channel,  nor  the  adjacent  seas?  For  I  cannot 
think  the  dearing  this  harbour  could  have  destroyed  all  that 
spedes  of  shell-fush,  of  which  there  was  then  such  plenty ;  and 
therefore  some  other  origin  must  be  allowed  them  than  what 
this  author  has  assigned. 

I  have  already  noticed,  that  the  fossil  shells  are  imbedded 
in  a  loose  stratum  of  sand,  gravel,  &c  which  may  serve  to 
demonstrate,  that  their  matrix  is  not  a  day-bed  on  the  top  of 
the  diff;  as  also,  that  they  could  not  be  scattered  there  by 
crows,  gulls,  and  other  sea-fowl,  as  well  as  that  some  of  them 
are  likewise  bedded  in  stone  at  the  bottom  of  the  cliff;  and 
although  some  few  of  them  may  be  met  with  on  the  top  of 
the  cliff,  yet  it  is  only  where  the  earth  has  been  broken  by 
the  digging  of  ditches,  &c 


An  Account  of  CocMneaL  By  Mr,  Anthoity  Vak  Lku- 
WSNBOEKy  -F.i2.  S, —  [1704?.] 
There  is  a  certain  plant  called]  the  prickle  pear,  or  Indian 
fig;  the  leaves  of  which  are  round  and  thick,  and  sharp 
pointed :  that  upon  the  leaves  or  twigs  of  the  said  plant  are 
small  knobs  or  protuberances,  from  whence  are  produced,  by 
the  heat  of  the  sun,  little  worms ;  these  worms  in  process 
of  time  become  flies,  in  likeness  to  cow-ladies  or  lady-birds, 
as  some  call  them,  which,  when  they  are  arrived  to  their  full 
growth,  are  taken  in  this  manner :  to  windwar^^  J^e  plant. 
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on  which  these  animals  are  found,  they  kindle  a  fire  of  any 
combustible  matter,  having  first  spread  cloths  under  and 
round  about  the  s^d  plant,  with  the  smoke  of  which  they  are 
presently  suffocated;  then  shaking  the  tree,  they  receive 
them  upon  those  cloths  in  great  numbers,  and  with  very  little 
trouble ;  after  which  they  spread  them  abroad  in  a  like  cloth 
on  a  sandy  place,  or  a  stone  floor,  where  they  are  exposed  to 
the  heat  of  the  sun  till  they  are  dried,  that  is,  till  their  small 
bodies  are  shrivelled  up  together,  and  rubbed  between  the 
hands  till  their  wings,  legs,  &c.  fall  off,  which  are  garbled  out» 
and  then  the  remaining  trunks  of  the  animals  are  put  into 
shallow  copper  boxes,  till  they  become  quite  dry.  The  afor^ 
said  plant  has  no  flowers  or  blossoms  on  it,  and  its  flruit  is  of 
a  fleshy  substance  and  red,  and  when  ripe,  by  handling  it, 
the  fingers  will  look  as  if  they  were  stained  with  mulberries. 
Some  say,  that  the  cochineal  worms  feed  on  the  blossoms  and 
fruit  of  this  plant,  which  causes  their  bodies  to  be  of  that  red 
colour.  And  that  if  you  take  the  seed  of  the  plant  or  the 
dead  worms,  and  dry  them  after  the  above-mentioned 
manner,  that  cochineal  is  not  so  good  as  when  those  animals 
have  got  wings,  and  are  then  smothered. 

Now  for  furllier  satisfaction,  I  took  several  particles  of  this 
same  cochmeal,  both  of  the  largest  and  smallest,  and  having 
dissected  them,  I  found  that  they  had  all  eggs  in  their  bellies, 
excepting  only  one  that  was  exceedingly  small.  Having 
opened  some  of  the  largest  trunks,  and  separated  the  eggs^ 
which  I  took  out  of  their  bodies,  and  counted  them,  I  juc^ed 
that  there  were  above  200;  and  having  observed  several  of 
tliem  with  my  microscope,  I  could  perceive  not  only  a  mem- 
brane or  sheU  on  most  of  them,  but  also  an  animalculum  of 
an  oval  shape  included  in  the  said  shell,  and  almost  as  large 
as  the  shell  that  contained  it,  which  seemed  at  first  very  sur* 
prising,  and  almost  incredible  in  so  small  a  species  of  fly  ail 
the  cochineal,  till  by  a  very  nice  and  long  enquiry  I  was  &llj 
satisfied,  that  it  was  really  an  animalculum  that  lay  within  it. 
I  pursued  this  operation  with  so  good  success,  that  I  not  only 
separated  the  egg-shell  from  the  animalculum,  but  in  some  of 
them  I  could  perceive  their  legs  also  orderly  folded  up 
against  their  body,  and  could  separate  them  irom  it,  espe- 
cially in  such  as  were  full  grown ;  nay,  in  some  I  even  disco- 
vered the  several  joints  of  the  legs,  and  thus  in  the  space  of 
two  days  I  saw  the  legs  of  100  animalcula,  many  of  which  in 
my  handling  were  broken  off,  and  layby  themselves. 
'  On  viewing  some  of  these  embryos,  after  having  divested 
tbem  of  the  membrane  or  shell  in  wlidch  they  were  slmt  up. 
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I  observed  on  their  head  a  kind  of  a  tool  or  instrumenty 
about  a  fiflh  part  as  long  as  the  whole  body  of  the  animal- 
calum,  and  at  the  extremity  a  very  slender  point,  something 
like  that  instrument  which  those  animalcula  have  that  are 
found  on  currant  bushes,  &c.  and  by  which  they  get  their 
food;  and  when  they  have  so  done,  they  clap  it  to  their 
breasts  till  they  have  occasion  for  it  a^ain.  From  whence  I 
infer  that  the  cochineal  flies  also  acquire  their  food  ailer  the 
same  manner,  viz.  that  they  have  no  teeth  to  gnaw  the  leaves 
of  the  plant,  as  silk  worms  do,  but  that  they  only  insinuate 
their  said  instrument  into  the  leaves,  and  after  that  manner 
get  their  nourishment.  And  this  notion  seems  to  be  sup- 
ported by  what  an  old  Spaniard  said,  viz.  that  these  animalciua 
feed  on  the  blossoms  and  fruits  of  the  plant,  and  that  by  those 
means  they  became  red.  From  hence  we  may  conclude^ 
that  the  insects  do  not  hurt  the  leaves,  fruits,  nor  even  the 
blossoms  of  trees,  as  ^  as  we  can  discover;  which  may  also 
the  better  satisfy  us,  that  the  cochineal  flies,  with  the  above* 
mentioned  instrument,  by  boring  into  the  leaves,  acquire 
both  theu:  food  and  increase.  ;    . 

The  cochineal  flies  in  all  appearance  dwell  on  the  back  or 
underside  of  the  leaves,  which  defend  them  from  the  great 
heat  of  the  sun  in  those  climates ;  and  as  the  smoke  cannot 
destroy  all.  those  flies,  the  few  that  remain  must  multiply 
very  much  in  a  short  time.  I  had  got  about  a  spoonful  of 
ptowder  or  dust  together  with  some  sands,  out  of  die  cochi- 
neal box,  and  found  that  what  appeared  to  be  nothing  but 
dust,  was  abundance  of  very  smaU  cochineal  flies,  and  some 
of  them  so  minute,  as  if  they  had  been  just  hatched,  and 
some  of  them  gradually  larger  than  others;  there  were 
dso  other  small  particles,  which  I  judged  to  be  the  ex- 
crements of  the  animalcida ;  I  saw  also  abundance  of  legs 
with  three  joints,  and  some  also  that  had  but  two  joints,  and 
a  few  one  joint  only;  among  these  legs,  some  had  claws  on, 
which  were  either  white,  or  dark  coloured,  or  of  a  light  red. 


Concerning  Animalcula  on  the  Boots  of  Duck^iDeed.  By  M* 
Leujvenhoek,  JF»  i?.  S.  —  [1704?.] 
In  October,  1702,  I  caused  the  dirt  of  the  gutters,  when 
quite  dry,  to  be  gathered  together,  and  taking  a  small  quan- 
tity of  it,  I  put  it  into  a  paper  on  my  desk ;  since  which  time* 
I  have  often  taken  a  little  of  it,  and  poured  on  it  boiled  water, 
after  it  had  stood  till  it  was  cold,  that  I  might  obviate  any  ob- 
jection that  should  be  made,  as  if  there  were  Hying  creatures 
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in  that  water.  These  animalcoia,  when  the  water  runs  off  oir 
dries  away,  contract  their  bodies  into  a  globular  or  oval  figure^ 
After  the  said  dry  substance  had  lain  near  21  months  in  the 
paper,  I  put  into  a  glass  tube,  of  an  inch  diameter,  the  re- 
mainder of  what  I  had  by  me,  and  poured  on  it  boiled  rafai 
water,  when  it  was  almost  cold ;  and  then  immediately  viewed 
the  smallest  parts  of  it,  particularly  that  which  subsided 
leisurely  to  the  bottom,  and  observed  a  great  many  round  par- 
fides,  most  of  which  were  reddish,  and  were  certainly  animal* 
cola ;  some  hours  afler  I  discovered  a  few  that  had  opened  or 
unfolded  their  bodies,  swimming  through  the  water,  and  a 
great  many  others  that  had  not  unfolded  themselves  were 
sunk  to  the  bottom.  Next  day  I  saw  three  particular  animals 
cula  swimming  through  the  water,  the  smallest  of  which  was 
100  times  smaller  than  the  above-said  animalcula* 

So  that  it  is  surprismg  that  these  small  insects  can  lie  21 
m<niths  dry,  and  yet  live ;  and  as  soon  as  ever  they  are  put 
into  water  begin  to  swim,  or  fasten  the  hinder  parts  of  their 
bodies  to  the  glass,  and  then  protrude  their  wheels,  just  as  if 
they  had  never  wanted  water. 

In  the  i^onth  of  September,  I  put  a  great  many  of  the  1ast« 
mentioned  animalcula  into  a  wide  glass  tube,  which  presently 
placed  themselves  on  the  sides  of  the  glass;  whereupo% 
pouring  off  the  water,  I  then  observed  that  several  animalcula, 
to  the  number  of  18  or  19,  lay  by  each  other  in  the  space  of 
8  coarse  sand;  all  which,  when  there  remained  no  more 
water,  closed  themselves  up  in  a  globular  figure.  Some  of 
the  bodies  of  these  animalcula  were  so  strongly  dried  up,  that 
one  could  see  the  wrinkles  in  them^  and  they  were  of  a 
reddish  colour ;  a  few  others  were  so  transparent,  as  if  they 
had  been  little  glass  balls,  that  if  you  held  them  up  between 
your  eye  and  the  light,  you  might  move  your  fingers  behind 
them,  and  see  the  motion  through  their  bodies. 

After  these  animalcula  had  lam  thus  dried  up  a  day  or  two, 
in  an  oval  or  globular  form,  I  poured  some  water  into  the 
glass  tube,  whereupon  they  presently  sunk  to  the  bottom ; 
and  afier  the  space  of  about  half  an  hour  they  began  to  open 
and  extend  their  bodies,  and  gettmg  clear  of  the  glass,  to 
swim  about  the  water,  excepting  only  two  of  the  largest,  that 
staid  longer  on  the  sides  of  the  glass,  before  they  stretched 
out  their  bodies  and  swam  away. 

After  I  had  poured  the  water  from  them,  in  order  to  see 
how  they  brought  their  bodies  into  that  orbicular  form  ; 
viewing  two  of  the  largest  of  them,  I  observed  that  they 
stretched  out  their  bodies  in  the  space  of  a  mmute,  several 
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times,  to  an  extraordinary  length,  and  thrice  opened  the 
binder  part  of  their  bodies,  and  discharged  some  excre* 
ments,  which,  in  the  little  water  that  remained  about  them, 
were  dissolved  into  small  pellets,  before  they  assumed  their 
round  figure. 

In  the  month  of  October,  before  the  dirt  of  the  leaden 
gutter  was  quite  dried  up,  I  took  a  handful  of  it,  and  laid  it  on 
a  glazen  earthen  dish,  in  order  to  preserve  it.  This  foul  8tu£f^ 
when  dry,  is  as  hard  as  day,  so  that  the  mites  cannot  come  at 
the  animalcula  that  are  thus  doubly  shut  up.  Upwards  of  21 
months  after  I  took  some  of  this  dry  stuff,  and  infused  it  both 
in  cold  water  that  had  been  boiled,  and  in  rain-water  newly 
fallen ;  whereupon  the  animalcula  began  to  show  themselves^ 
and  that  in  great  numbers ;  and  soon  after  there  appeared  two 
sorts  of  mudi  smaller  animalcula. 


jQfthe  JRain  at  Tawneley,  in  Lancashire,  Upminster,  in  Essex, 
Lisle,  and  Paris. '  By  0ie  Eev.  W.  Derbam,  F.R.S. 
At  Lisle  one  year  with  another,  the  depth  of  the  rain 
amoimts  to  22  inches  3  lines,  Paris  measure,  or  23  inched 
3  lines,  which  makes  about  23^  inches  English  or  24||.  At 
Paris,  one  year  with  another,  it  amounts  to  20  inches  3^ 
lines,  Paris  measure,  which  is  near  22  inches  English.  But 
at  Towneley,  in  Lancashire,  one  year  with  another,  according 
to  Mr.  Towneley's  computation  formerly,  the  rsuns  amount  to 
above  41  inches  depth.  And  by  taking  eight  other  years,  in 
which  the  rain  was  observed  botn  at  Towneley  and  Upminster 
(viz.  from  1696  to  1704),  I  find  Uiat  all  the  eight  years*  rain 
at  Towneley  amounts  to  above  lYOO  lines  Troy,  at  Upminster 
823  lines  only.  Which  said  sums  being  divided  by  8,  give 
21 2 J  lines  one  year  with  another,  at  Towneley,  and  near  103 
lines  at  Upminster.  Each  of  which  sums  being  doubled,  and 
making  a  decimal  fraction  of  the  last  figure,  gives  nearly  the 
number  of  inches,  which  all  the  rain  would  have  risen  to,  if 
the  earth  had  stagnated,  viz.  42i  inches  at  Towneley,  and 
about  20i  inches  at  Upminster.  Wherefore  the  rain  at  Up- 
minster is  less  than  at  Paris,  at  Paris  less  than  at  Lisle,  and 
,  at  every  one  of  the  places  much  less  than  at  Towneley. 


An  Experiment  made  at  a  Meeting  of  the  JRoyal  Soddy,  on  the 
Dindnntion    of  Sound   in   rarefied  Air.    By  Mr*  Fb* 
Hauksbee. —  [1705.] 
A  BELL  being  included  under  a  receiver,  which  being 

ihak^  to  make  the  clapper  strike,  i*Di*^,fgb^^X(5*^*®^^® 
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that  the  interposition  of  die  gla8s  between  the  bell  and  the 
ear,  was  a  great  obstruction  to  its  sound,  yet  it  was  audible 
at  some  good  distance  from  it:  but  gradually  withdrawing 
the  air,  and  making  iseveral  stops  to  shaJce  the  bell  at  different 
degrees  of  rarefaction,  the  diminution  of  the  sound  at  every 
stop  was  very  distinguishable.  Till  at  last,  when  the  receiver 
was  well  exhausted  of  air,  the  remains  of  sound  was  then  so 
little,  that  the  best  ears  could  but  just  distinguish  it :  it  ap- 
pearing to  them  like  a  small  shrill  sound  at  a  great  distance. 
On  suffering  the  air  gradually  to  re-enter,  it  was  easy  to  per- 
ceive the  increase  of  sound  at  the  different  times  the  bell  was 
made  to  ring :  the  recipient  being  again  replete  with  air,  the 
sound  then  seemed  something  more  clear  and  audible  than 
at  its  first  inclusion. 


Eaperiment  on  the  Descent  of  Malt  Dust  in  the  evacuated 
Heceiver,  By  Mr.  Fn*  Hauksbee. —  [1705.] 
I  TOOK  some  malt  dust,  and  having  dried  it  well,  put  a 
auantity  of  it  into  a  fine  muslin  bag,  where  being  loosely  in- 
dosed,  it  would  upon  shaking  discoiTer  itself  plentifully  in  the 
open  air,  undulatmg  and  floating  a  considerable  time  before 
it  would  descend ;  but  being  included  within  a  receiver,  firom 
which  the  air  was  well  exhausted,  and  then  shaken,  the  dust 
descended  like  a  ponderous  body,  precipitating  in  straight 
lines  from  the  top  to  the  bottom  of  a  tall  receiver. 


The  Doctrine  of  Comiinations  and  AUemaiums.  By  Mcqct 
Edward  Thornycroft. —  [1705.] 
To  give  an  instance  of  the  prodigious  variety  that  there  is 
in  music,  I  h^ve  calculated  the  number  of  tunes  in  common 
time,  consisting  of  eight  bars  each,  which  may  be  played  on 
an  instrument  of  one  octave  compass  only,  and  it  is  this ; 
viz.  27584.270157.013570.368586.999728.299176 ;  whereas 
the  changes  on  twenty-four  bells  are  not  more  than 
620448.401733.239439.360000,  which  is  but  the  ^^gs^eofes^ 
part  of  the  number  of  tunes ;  and  yet  Dr.  Wallis,  in  his 
algebra,  demonstrates,  that  the  changes  on  bells  could  not  be 
despatched  in  31557.600000.000000  years.  If,  then,  the 
instrument  were  of  as  many  octaves*  compass  as  any  instru* 
ment  now  in  use,  how  prodigiously  must  the  number  of  tunes 
be  increased;  the  calculation  of  which  (though  much  more  in- 
tricate and  operose)  would  be  equally  attainable  by  our  theorem. 
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Of  An/CMfnJt  Manuscripts.    By  Mr,  Humfrsy  Wahtlby. 

The  librarii  or  book-writers  were,  from  the  time  of  the  Ro- 
mans, a  particular  company  of  men,  and  their  business  a 
trade :  but  though  book-writing  was  their  profession,  yet  thej 
afterwards  had  but  a  third  part  of  the  business.  Learning, 
after  the  erection  of  monasteries,  was  chiefly  in  the  hands  of 
the  clergy ;  and  they  were  for  the  most  part  regulars,  and 
lived  in  monasteries :  among  these  were  always  many  indus- 
trious men,  who  wrote  continually  new  copies  of  old  books  fbr 
their  own  use  or  for  the  monastery,  or  for  both ;  which  seems 
to  have  swallowed  up  above  half  the  business.  Then,  if  an  ex- 
traordinary book  was  to  be  written,  for  the  standing  and  more 
particular  use  of  the  church  or  monastery,  the  antiquarius  must 
be  sent  for,  to  write  it  in  large  characters,  after  the  old  man- 
ner, and  such  a  copy  they  knew  would  last  for  many  ages, 
without  renovation.  Between  these  two  sorts  of  people,  the 
writing-monks  and  antiquarii,  the  poor  librarii,  or  common 
scriptores,  who  had  families  to  mamtain,  could  hardly  earn 
their  bread.  This  put  them  upon  a  quicker  way  of  despatch, 
that  so  they  might  undersell  each  other :  and  in  order  to  this 
despatch,  they  would  employ  several  persons  at  one  time,  in 
writing  the  same  book,  each  person,  except  him  who  wrote 
the  first  skin,  beginning  where  his  fellow  was  to  leave  off;  or 
else  they  would  form  the  letters  smaller  and  leaner,  and  make 
use  of  more  jugations  and  abbreviations  than  usually  others 
did  And  this  is  the  only  account  that  I  can  give  for  that 
variety  of  hands  which  in  former  ages,  being  learned  of,  or 
borrowed  from  the  Romans,  was  commonly  used^  and  in 
fashion  at  the  same  time,  and  in  the  same  country,  throughout 
these  western  parts  of  Europe^  and  for  their  growing  less  and 
less  for  one  age  aft;er  another. 

There  was  another  sort  of  book-writers  still  in  use,  namely, 
the  notarii,  who^  business  it  was  to  take  trials  and  pleadines 
at  courts  of  judicature ;  to  write  as  amanuenses  from  the 
mouth  of  an  author,  and  to  take  homilies  and  sermons  a( 
church,  from  the  mouth  of  the  preacher.  These  notarii  made 
use  of  notse  or  marks  instead  of  letters ;  but  when,  in  process 
of  time,  letters  were  usually  written  small  and  quick,  and  ab* 
breviations  grew  common,  the  notarii  were  turned  off,  unless 
the^  would  write  books  in  long-hand,  as  other  librarii  did,  and 
theu*  notae  grew  out  of  use ;  and  most  of  their  performances 
in  notes  or  marks  have  been  since  destroyed. 

Suppose,  then,  that  a  man  had  one  Latin  book  of  each  of  the 
.'our  sorts  above  mentioned  laid  before  him,  written  all  at  a 
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time,  and  without  uny  date  or  note  of  the  age ;  would  not  he 
be  ready  to  say  that  the  first  three  were  of  different 
ages?  As  that  in  capitals  was  older  than  that  in  the 
middling  hand ;  and  this  again  older  than  that  in  the  running 
and  smaller  hand  ?  and  that  such  a  book  written  in  the  notas 
being  all  full  of  marks,  was  not  Latin,  but  of  some  other  un- 
known language  ?  But  to  come  down  later ;  suppose  that  a 
person  should  have  some  more  recent  books  or  charters  laid 
before  him  in  the  pipe,  text,  exchequer,  chancery,  court,  and 
common  hands,  all  written  at  the  same  time,  would  he  not  be 
apt  to  say,  that  one  seemed  to  him  to  be  older  than  another, 
and  that  they  were  the  hands  of  several  nations  ? 


Eaperimenis  on  the  Attrition  ^  Bodies  in  Vacuo.   By  Mr.  Fr. 
Hauksbee,  F.  R.  S.  —  [1705.] 

Showing  ^  Necessity  of  the  Air's  Presence j  in  the  Producr 
tion  ofFire^  on  the  Attrition  of  Flint  and  SteeL — Having  pro- 
vided, a  steel  ring,  about  four  inches  diameter,  and  one  eighth 
of  an  inch  thick,  which  (between  two  pieces  of  wood  of  a 
less  diameter)  1  fixed  on  a  spindle  with  the  nuts ;  its  edge 
verging  about  half  an  inch  beyond  the  extremity  of  the  wood 
that  held  it;  to  a  plate  of  brass,  I  fixed  a  piece  of  flint, 
an  edge  of  which  stood  exposed  to  the  steel,  while  the  brass 
plate  by  its  spring  held  the  flint  pretty  strongly  to  it,  notwith- 
standing some  might  be  worn  or  chipped  off  by  the  rapidity 
of  the  motion.  In  this  manner  it  was  covered  with  a  receiver, 
and  a  brass  plate  and  box.  But  before  any  air  was  ex- 
hausted, the  great  wheel  was  moved,  which  gave  motion 
to  the  small  one,  and  consequently  to  the  induded  steel, 
which  exliibited  sparks  of  fire  in  a  very  plentiful  mannex« 
After  some  air  had  been  withdrawn,  the  great  wheel  was 
turned,  as  before,  but  the  number  of  sparks  then  produced 
did  not  only  seem  to  be  lessened,  but  a  sensible  decay  of  their 
lustre  and  vigour  was  manifest.  And  at  every  stop  that 
was  made,  to  repeat  the  experiment  at  greater  rarefactions^ 
the  sparks  produced  still  diminished  in  their  quantity  and 
light ;  till  at  last,  when  the  receiver  was  well  exhausted  of 
air,  then,  although  a  more  violent  motion  was  given  to  the 
steel  than  before,  yet  not  the  least  spark  appeared  to  be 
struck  from  it:  but  a  small  continued  light  was  visible  on  the 
edge  of  the  flint,  that  was  rubbed  by  the  steel.  On  admitting 
aUttle  air,  some  sparks,  en  the  motion  given,  were  discovered 
of  a  dull  gloomy  hue;  but  on  letting  in  a  little  more  air,  I 
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know  not  by  what  accident,  the  whole  quantity  insinuated,  and 
then  on  repeating  the  wheel's  motion,  the  sparks  appeared 
as  numerous  and  as  vivid  as  the  first* 


An  Account  of  an  extraordinary  sleepy  Person.     By  Df* 
William  Oliver,  F.R.S.'^  11105.'] 

Samuel  Chilton,  of  Tinsbury,  near  Bath,  a  labourer, 
about  25  ^ears  of  age,  of  a  robust  habit  of  body,  not  fat,  but 
fleshy,  having  dark  brown  hair,  happened,  on  the  13th  of 
May,  1694,  without  any  visible  cause,  to  fall  into  a  very  pro- 
found sleep,  out  of  which  no  means  employed  could  rouse  him, 
till  after  a  month's  time ;  when  he  rose  of  himself,  put  on  his 
clothes,  and  went  about  his  business  of  husbandry  as  usual  % 
he  then  slept,  ate  and  drank  as  before,  but  spake  not  one  word 
till  about  a  month  after.  All  the  time  he  slept,  victuals  stood 
by  him:  his  mother  fearing  he  would  be  starved,  in  that 
sullen  humour,  as  she  thought  it,  put  bread  and  cheese  and 
small  beer  before  him,  which  was  spent  every  da^,  and,  it 
was  supposed  by  him,  though  no  one  ever  saw  him  eat  or 
drmk  dl  that  time. 

From  this  time  he  remained  free  of  any  drowsiness  or 
sleepiness  till  about  the  9th  of  April,  1696,  when  he  fell  into 
his  sleeping  fit  again,  just  as  he  did  before.  After  some  days 
his  friends  were  prevailed  on  to  try  what  effect  medicines 
might  have  on  him;  and  accordingly,  one  Mr.  Gibs,  an  apo- 
thecary, bled,  blistered,  cupped,  and  scarified  him,  and  used 
all  the  external  irritating  medicines  he  could  think  on;  but 
all  to  no  purpose ;  and  ^ter  the  first  fortnight,  he  was  never 
observed  to  open  his  eyes.  Victuals  stood  by  him  as  before, 
which  he  ate  of  now  and  then,  but  nobody  ever  saw  him  eat 
or  evacuate,  though  he  did  both  very  regularly,  as  he  had 
occasion;  and  sometunes  they  have  found  him  fast  asleep 
with  the  pot  in  his  hand  in  bed,  and  sometimes  with  his 
mouth  ftdl  of  meat.  In  diis  manner  he  lay  about  10  weeks, 
and  then  he  could  eat  nothing  at  all;  for  his  jaws  seemed  to 
be  set,  and  his  teeth  clenched  so  close,  that  with  all  the  art 
they  used  with  instruments,  they  could  not  open  his  mouth, 
to  put  any  thm^  into  it  to  support  him,  At  last,  observii^g  a 
hole  made  in  his  teeth,  by  holding  his  pipe  in  his  mouth,  as 
most  great  smokers  usually  have,  they  now  and  then  poured 
some,  wine  into  his  throat  through  a  quill :  and  this  was  all  he 
^k  for  six  weeks  and  four  day9 ;  and  of  this,  Jdot  abov^  three 
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|Mnt8  or  two  qiuurts,  some  of  which  was  spilt  also ;  he  had 
made  water  but  once>  and  never  had  a  stool  all  that  tune. 

August  the  7th,  which  is  17  weeks  from  the  9th  of 
April,  when  he  began  to  sleep,  he  awaked,  put  on  his  clothes» 
and  walked  about  the  room,  not  knowing  he  had  slept  above 
a  night,  nor  could  he  be  persuaded  he  had  lain  so  long,  till 
going  out  into  the  fields  he  found  every  body  busy  in  getting 
in  their  harvest,  and  he  remembered  very  well,  when  he  fell 
asleep  they  were  sowing  barley  and  oats,  which  he  then  saw 
ripe  and  fit  to  be  cut  down. 

-  There  was  one  thing  observable,  that  though  his  flesh  was 
somewhat  wasted  with  so  long  lying  in  bed,  and  fasting  for 
above  six  weeks,  yet  a  worthy  gentleman,  his  neighbour,  as- 
sured me,  when  he  saw  him,  which  was  ^e  first  day  of  his 
coming  abroad,  he  looked  brisker  than  ever  he  saw  him  in  his 
life  before;  and  askmg  him  whether  the  bed  had  not  made 
him  sore,  he  assured  him  that  he  neither  found  that  nor  any 
other  inconveniency  at  all ;  and  that  he  had  not  the  least  re- 
membrance of  any  thing  that  passed  or  was  done  to  him  all 
that  time.  So  he  fell  again  to  his  husbandry,  as  usual>  and 
remained  well  from  that  time  till  August  die  17th,  anno 
16979  when  in  the  morning  he  complained  of  a  shivering  and 
coldness  in  his  back,  vomited  once  or  twi(?e,  and  the  same 
day  fell  into  his  sleeping  fit  again. 

^Being  then  at  Bath,  and  hearing  of  it,  I  took  horse  on  the 
23d,  to  inform  myself  of  a  matter  of  fact  I  thought  so 
strange.  I  found  him  asleep,  with  a  cup  of  beer  and  a  piece 
jof  bread  and  cheese  on  a  stool  by  his  bed,  within  his  reach: 
I  took  him  by  the  hand,  felt  his  pulse,  which  was  at  that  time 
Tory  regular;  I  put  my  hand  on  his  breast,  and  found  his 
heart  beat  very  regular  too,  and  his  breathing  was  easy  and 
free ;  and  all  the  fault  I  found  was,  that  I  thought  his  piilse 
beat  a  little  too  strong.  He  was  in  a  breathing  sweat^  and 
had  an  agreeable  warmth  all  over  his  body.  I  Sien  put  m^ 
mout^  to  bis  ear,  and  as  loud  as  I  could  called  him  by  his 
name  several  times,  pulled  him  by  the  shoulders,  pinched  his 
nose>  stopped  his  mouth  and  nose  together,  as  long  as  I  durst, 
for  fear  of  choking  him ;  but  all  to  no  purpose,  for  in  all  this 
dme  he  gave  me  not  the  least  sign  of  his  being  sensible.  I 
lifted  up  his  eye-lids,  and  found  his  eye-balls  drawn  up  under 
his  eye-brows,  and  fixed  without  any  motion  at  all.  Being 
baffled  in  all  these  trials,  I  was  resolved  to  see  what  effect 
spirit  of  sal  ammoniac  would  have,  whidi  I  had  brought  with 
me,  to  discover  the  cheat,  if  it  had  been  one ;  so  I  held  my 
phial  under  one  nostril  a  considerable  time,  which  being 
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drawn  from  qmdc-lime,  was  a  very  piercing  spirit,  and  89 
strong  I  could  not  bear  it  under  my  own  nose  a  moment  without 
making  my  eyes  water ;  but  he  felt  it  not  at  all.  I  then 
threw  it,  at  several  times,  up  the  same  nostrfl ;  which  made  his 
nose  run  and  gleet,  and  his  eye-lids  shiver  and  tremble  a  verjr 
little ;  which  was  all  the  efltect  I  found,  though  I  poured  up 
into  one  nostril  about  a  half-ounce  bottle  of  this  fiery  spirit, 
which  was  as  strong  almost  as  fire  itself.  Finding  no  success 
with  this  neither,  I  crammed  that  nostril  with  powder  of 
white  hellebore,  which  I  had  by  me,  in  order  to  make  my 
farther  trials,  and  I  can  hardly  think  any  impostor  could  ever 
be  insensible  of  what  I  did.  I  renuuned  sometime  afterwards 
in  the  room,  to  see  what  effect  all  together  might  have  upon 
him;  but  he  never  gave  any  sign  that  he  felt  what  I  had 
done,  nor  discovered  any  manner  of  uneasiness,  W  moving 
tNT  stirring  any  one  part  of  his  body,  that  I  coula  observe. 
Having  made  these  experiments,  I  left  him,  being  pretty  weU 
satisfied  he  was  really  asleep,  and  no  sullen  counterfeit,  as 
some  people  supposed^ 

On  my  return  to  Bath,  and  relating  what  I  had  observed, 
many  gentlemen  went  out  to  see  him,  as  ^  had  done,  to 
satisfy  their  curiosity,  who  found  him  in  the  same  condition  I 
had  left  him  the  day  before;  only  his  nose  was  in£amed  and 
swelled  very  much,  and  his  lips  and  the  inside  of  his  right 
nostril  blistered  and  scabby,  with  my  spirit  and  hellebore, 
which  I  had  plentifully  do&ed  him  with  the  day  before :  lag 
mother  upon  this  for  some  time  after  would  suffer  nobody  to 
come  near  him,  far  fear  of  more  experiments  on  her  son. 
About  ten  days  after  I  had  been  with  him,  Mr.  Woolmer,  atk 
experienced  apothecary  at  Bath,  called  at  the  house,  being 
near  Tinsbury,  went  up  into  the  room,  finding  his  pulse  pretty 
high,  as  I  had  done,  took  out  his  lancet,  let  him  blood  about 
14«  ounces  in  the  arm,  tied  his  arm  up  again,  nobody  being  in 
the  house,  and  left  him  as  he  found  him ;  and  he  assured  me 
he  never  made  the  least  motion  in  the  world  \rhen  he  pricke4 
him,  nor  all  the  while  his  arm  was  bleeding* 

Several  other  experiments  were  made  by  those  that  went 
to  see  him  every  day  from  Bath,  but  all  to  no  purpose.  I 
saw  him  myself  again  the  latter  end  of  S^tember,  and  found 
him  just  in  the  same  posture,  lying  in  his  bed,  but  removed 
from  the  house  where  he  was  before,  about  a  fin*long  or  more; 
and  they  told  me,  when  they  removed  him,  by  accident, 
carrjring  him  down  stairs,  which  were  somewhat  narrow,  they 
struck  his  head  against  a  stone,  and  gave  him  a  severe  knock, 
whieb  broke  his  head,  but  he  never  moved  any  more  at  i^ 


ACCUMULATION  OP   BHBLtS   IN   A   MOOR*  195^ 

Chan  a  dead  man  would.  I  found  now  his  pulse  was  not 
quite  so  strong,  nor  had  he  any  sweats,  as  when  I  saw  him 
before.  I  tried  him  again  the  second  time,  by  stopping  his 
nose  and  mouth,  but  to  no  purpose ;  and  a  gentleman  then  with, 
me  ran  a  large  pin  into  his  arm  to  the  very  bone,  but  he  gave 
no  manner  of  token  of  his  being  sensible  of  any  thing  we  did 
to  him.  In  all  this  time  they  assured  me  nobody  had  seen 
him  either  eat  or  drink,  though  they  endeavoured  it  all  they 
could ;  but  it  always  stood  by  him,  and  they  observed,  some- 
times once  a  day,  sometimes  once  in  two  days,  all  was  gone. 
In  this  manner  he  lay  till  the  19th  of  November,  when  his 
mother  hearing  him  make  a  noise,  ran  immediately  up  to  hin^y 
and  found  him  eating ;  she  asked  him  how  he  did?  He  said,' 
Very  '.well,  thank  God :  she  asked  him  again,  which  he  liked 
best,  bread  and  butter,  or  bread  and  cheese  ?  He  answered. 
Bread  and  cheese  :  upon  this,  the  poor  woman  oveijoyed  left 
him  to  acquaint  his  brother  with  it,  and  they  eame  straight  up 
into  the  chamber  to  him,  but  found  him  as  fast  asleep  again  as 
ever,  and  all  the  art  they  had  could  not  wake  him.  From  this 
time  to  the  end  of  January,  or  the  beginning  of  February,  he 
slept  not  so  profoundly  as  before,  for  when  they  called  him  by 
his  name,  he  seemed  to  hear  them,  and  to  be  somewhat  sen- 
sible, though  he  could  not  make  them  any  answer.  His  eyes 
were  not  now  shut  so  close,  and  he  had  frequently  great 
tremblings  of  his  eye-lids;  on  which  they  expected  every^ 
day  he  would  wake ;  which  however  happened  not  till  about 
the  time  just  now  mentioned  ;  and  then  he  waked  perfectly 
wen,  not  remembering  any  thing  that  happened  all  this  while. 
It  was  observed  he  was  very  little  altered  in  his  flesh,  only 
complained  the  cold  pinched  him  more  than  usually,  and 
so  presently  fell  to  husbandry,  as  at  other  times. 


Account  of  River  and  other  Shellsy  with  various  Vegetable 
Bodies^  found  under  Ground*  By  the  Bev.  Mr,  MoRTONy 
A.M.andF.B.Sf.—  [1706.] 

On  digging  a  moorish  pasture  in  Mears-Ashby  field,  in 
Northamptonshire,  we  found  a  vast  number  of  snail-shells  of 
various  kinds.  At  about  a  foot  deep  they  lay  very  thick : 
and  digging  downwards,  the  number  rather  increased  till  we 
came  to  the  depth  of  about  thr^e  feet.  It  was  troublesome 
to  sink  deeper  on  purpose ;  but  we  made  trials  for  a  c«i- 
siderable  extent  of  ground,  viz.  about  250  feet  in  length,  and 
130  in  breadth.  Besides,  the  same  shells  were  thrown  up  in 
several  places  by  the  moles.    What  we  prinoipally  observed 
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in  dik  search. was,  L  A  moiQt  moorish  black  earth,  in  some 
l^aces  a  foot  and  a  half»  in  others  somcT^hat  above  two  feet 
m  thickness.  The  lower  Iialf  of  it  is  blacker  and  denser  ihaA 
the  upper,  is  of  a  bituminous  nature,  and  has  all  the  charac- 
ters of  peat-earth.  Besides  shells,  we  found  stalks  and  leaves 
of  grass,  and  also  of  many  other  ve^tables  reposited,  as 
usual,  in  like  bituminous  moors.  2.  White  earth ;  so  at  first 
we  called  it:  but  on  closes,  inspection,  it  appeared  to  be  little 
more  than  hay  half  wasted.  So  deep  as  we  sunk  into  it,  we 
found  it  every  where  copiously  interspersed  with  shells. 


An  Account  of  the  Death  and  Dissection  of  John  BayleSy  qf 
.  Northamptcm^    reputed  to  have  been  130  Years  old.  '  Sy 

Dr.  James  Kejll.  —  £1706.] 

John  BAYtES,  the  old  button-maker  of  Northampton,  is 
commonly  reputed  to  have  been  ISO  years  of  age  when  he 
died.  There  is  no  register  so  old  in  the  parish  where  he  was 
christened;  but  the  oldest  people,  of  which  some  are  IQOy 
others  90,  and  others  above  80  years,  remember  him  to  have 
been  old  wh»i  they  were  young.  Their  accounts,  ind^d, 
differ  much  from:  oadi  other,  but  all  agree  that,  he  wa^  at 
least  120  ye«rs.  He  himself  always  affirmed  that  he  was  at 
Tilbury  camp,  and  told  several  particulars  about  it;  and  if 
we  allow  him  to  have  been  but  12  years  old  then,  be  must 
have  been  ISO  when  he  died,  which  was  th^  4th  of  April 
1706 ;  having  lived  in  three  centuries,  and  in  seven  reigns.* 

He  used  constantly  to  walk  to  the  neighbouring  markets 
with  his  buttons  within  these  12  years ;  but  of  late  he  has 
been  decreaiid,  and  carried  abroad*  There  was  nothing  par- 
ticular in  his  diet,  but  he  ate  any  thing  he  could  ^et.  .His 
body  was  extremely  emaciated,  and  his  flesh  feeling  hard, 
the  ishape  of  all  the  external  muscles  was  plainly  to  be  seen 
through  the  skin. 

A  due  conformation  of  all  the  vital  pgrts  is  most  certainlv 
necessary  to  bring  a  man  to  a  full  old  age ;  but  above  all 
the  rest,  there  are  two  which  to  me  se^m  to  have  had  the 
^         greatest  share  in  procuring  a  longevity  to  old  Parr  and 
'^  Bayles,  by  retardmg  the  ill  effects  just  now  mentioned :  the 

^  first  is  the  heart,  which  in  both  was  strong  and  fibrous ;  for 

that  being  left  alone  to  labour  the  circulation  of  a  large  quan- 
tity of  languid  blood,  a  great  force  is  absolutely  requisite  to 
propel  it  through  unactive  vessels,  to  the  extremities  of  the 
body  and  bade  again  :  no  doubt  this  is  more  easily  done  in 
men  of  a  low  stature  .{as  old  Bjayles  was)  which  I  am  apt  to 
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think  lA  a  qu^fication  to  old  B;ge.  The  second  was  t^ 
largeness  of  their  chests,  and  goodness  of  their  lungs,  by 
which  the  air  had  its  Ml  effort  on  every  particle  of  the  bloody 
in  rendering  it  florid,  and  attenuating  it  so  that  it  mighft* 
easily  moVe  through  the  contracted  channels  of  an  old  body. 
Few  have  the  happiness  of  such  a  heart  and  lungs,  yet  most 
men  wish  to  live  long ;  nor  was  it  easy  for  physicians  to  give 
rules  for  preventing  the  ill  consequences  of  extreme  old  age, ' 
whiTe  the  effects  of  a  long  circulation  of  the  blood  were  udp- 
known ;  of  which  we  can  be  certain  only  by  dissections  of  oW 
persons,  and  these  ture  not  numerous  enough  to  ground  any 
thing,  certain  upon :  but  if  future  observations  shall  cou£ri^ 
t)ie  remarks  that  have  been  now  made,  no  doubt  the  indica^ 
tion  will  be  to  preserve  such  a  softness  in  all  the  fibres,  that 
ttbey  may  easily  yield  to  tlie  pressmre  of  the  blood,  and  by 
their  elasticity  restore  themselves  to  their  former  state, 
thereby  giving  a  new  impetus  to  the  blood. 


t  and  OhservaHons  on  ike  Motion  tfSimnd^SfC.  Btf 
">  Sev.  Mr,  Deehjm,  Redor  of  Vpndnster,  and  F.JR.  S, 

To  determine  the  velocity  of  sound,  I  caused  ^ns  to  be 
fired  from  towers^  and  other  eminences,  at  the  distance  of 
one,  two,  three,  to  eight  miles:  the  guns  that  served  this 

aose  best  were  those  at  ^ackheatli,  called  sakers,  whose 
es  I  could  see  firom  the  turret  of  Upminster  church,  and 
hear  the  report  almost  in  all  weathers,  and  even  in  tlie  day* 
tiqie  I  could  with  the  telescope  observe  the  flash. 

The  following  experiment  was  made  at  that  place ;  viz.  two 
guns,  called  steers,  were  planted  near  each  other,  with  the 
muzzle*  of  one  turned  towards  me,  and  that  of  the  other  from 
me,  and  on  February  the  13th,  1705,  they  were  fired  every 
half  hour,  from  six  o'clock  in  the  evening  till  midnight,  a 
gentle  wind  blowing  directly  against  the  sound;  the  time 
between  the  flash  of  each  explosion  (which  I  could  observe 
with  the  naked  eye)  and  the  report  was  always  about  120  or 
.122  half  seconds;  for  the  report  was  double;  the  first,  which 
was  weaker,  reached  in  about  120  half  seconds,  and  the  other, 
which  was  stronger, in  about  122  half  seconds;  and  in  the 
same  manner  there  was  a  double  report  of  each  explosion 
during  the  whole  time  of  the  observation.  '    . 

To  confirm  all  this,  I  went  to  Foulney-sands,  on  the  Essex 
coast,  which  form  a  large  and  regular  plain,  of  several  miles 
in  length:  there  I  measured  six  miles,  and  almost  at  the  end 
pf  eac^  mile  made  experiments,  by  flring  guns ;  by  which  I 
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found  that  all  my  former  observations  were  very  just  ahcl 
true;  viz.  that  sound  moves  a  mile  in  9  half  seconds  and  1^ 
two  miles  in  18  and  i,  and  three  miles  in  27  half  seconds  and 
J,  and  so  on, 

I  caused  guns  to  be  fired  every  half  hour,  from  six  in  the 
evening  till  midnight,  and  found  the  report  always  reach  the 
ear,  without  any  remarkable  variation,  in  120  or  122  hal£ 
seconds  of  time,  though  the  wind  was  directly  against  it;  but 
at  other  times,  when  the  wind  was  ^vourable,  and  blew  eithier 
direct,  transversely,  or  obliquely :  on  observing  the  report  of  tlie 
same  guns  reach  in  111,  112,  113,  114, 115,  116,  or  At  most 
in  117  half  seconds  of  time,  I  was  at  length  assui-ed,  th&t 
some  real  difference  caused  this  variety  in  the  obseiirationisL 
And  not  only  do  winds  with  or  against  the  sound  accelerate 
or  retard  its  motion,  but  likewise  according  to  the.  various 
degrees  of  their  strength  and  weakness,  is  the  sound  more  or 
less  promoted  or  impeded;  of  which  I  made  particular  ob- 
servations. 

.  The  greatest  difference  I  have .  observed  in  the  motion  of 
sound  in  the  space  of  about  13  miles,  was  about  9  or  10  half 
seconds,  when  a  strong  wind  promotes,  and  only  a  gentle  wind 
impedes  it;  but  when  only  a  gentle  wind,  or  almost  none  at 
all,  opposes  or  favours  the  soun^  the  difference  hardly  exoeedi 
two  or  three  half  seconds. 

,  To  discover  the  quantity  of  space  that  winds  pass  over  iit 
any  given  time,  I  took  some  light  bodies,  such  as  down,  &:d. 
and  from  the  several  experiments  I  made  with  these,  when 
the  strength  of  the  wind  was  different,  fbimd  that  the 
Strongest  wind  scarcely  passed  over  60  miles  in  an  hour ;  for 
instance,  on  August  11.  1705,  the  violence  of  the  wind  wafe 
such,  as  almost  to  beat  down  a  windmill,  near  the  place  wh6rfe 
i  made  my  observations ;  and  estimating  by  the  numeral  cha- 
racters, 0,  1,  2,  3,  4,  5,  6,  to  10,  15,  or  more  d^frees,  the 
strength  of  winds,  the  strength  of  this  I  reckoned  at  about  12 
or  14  of  these  degrees;  and  from  repeated  experiments  I 
ypund,  that  that  hurricane  passed  over  about  33  feeft  in  a  half 
second  of  time,  or  45  miles  in  an  hour ;  whence  I  condiide, 
that  in  the  most  violent  storms,  not  excepting  that  in  Nov. 
1703,  the  wind  does  not  traverse  above  50of60miles  in  anhour. 

Havmg  thus  determined  the  velocity  of  rapid  winds,  tre 
may  from  hence  more  easily  conjecture  the  velocity  of  siidi 
as  are  less  so;  and  I  have  found  from  several  experiments, 
that  some  of  them  move  15  miles,  others  IS,  some  more  and 
some  fewer,  in  an  hour;  and  that  others  again  have  so  slow  a 
motion,  as  scarcely  to  pass  over  one  mile  in  an  hour:  also 
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^me  ^e  so  slow,  that  a  person,  waging  or  riding,  m&y  eaailj 
outrun  them,  as  is  apparent  to  sense.    , 

.  From  what  has  been  said  above,  I  ^mly  conclude,  that 
sound  is  propagated  with  this  degree  o£  velocity,  viis.  that  ia 
9  half  seconds  and  ^  it  moves  the  space  of  a  mile,  or  5280 
English  feet ;  or,  which  is  the  same  tiling,  571  feet  in  a  half 
kecond  of  time,  or  1 142  feet  in  a  whole  second.  Thus,  sound 
moves  through  the  above  space,  if  the  flux  of  the  atmosphere 
or  wind  be  transverse  or  across,  and  is  its  mean  motion ;  but 
du)uld  the  wind  increase  the  rapidity  of  sound,  it  is  possible 
that  it  may  move  upwards  of  600  teet  in.  a  half  $econd  of 
.$ime;  or,  on  the  contrarj^,  should  it  retard  sounds  it  may 
I90ve  not  above  560  feet  m  the  same  time. 


A  new  Island  raised  near  Sant-Erini,  in  the  Archipelago.    By 
Dr.  W,  Sherard^  Consul  at  Smyrna.  —  [1708.] 

On  the  12th  of  May^  1707,  an  island  be^n  to  rise  up,  a 
musket-shot  distant  from  the.island  of  Sant-£rini,  which  con- 
tinually increasing  from  day  to  day  in  the  same  manner,  ^d 
troubling  the  sea,  there  rose  up  several  rocks,  that  fixed 
themselves  to  this  island ;  %o  tliat  now,  June  21«,  it  is  about 
balf  a  mile  in  circumference. 

.  Consttmtinopkf  Jan.  4w  1708.  — Tliey  write  from  the  island 
of.  &int-£rini,  in  the  Archipelago,  about  28  leagues  nortli  of 
the  town  of  Candia,  that  there  lately  sprung  up  from  the 
bottom  of  the  sea  an  island,  formed  of  stones  cast  up  by  a 
v(dcano,  which  has  often  produced  the  same  effects,  and  auer 
the  same  manner.  In  the  year  726,  in  the  time  of  the  £m-^ 
peror  Leo  Jsauricus,  an  island. was  forpaed  on  the  norUi  side, 
fCalled  the  Burnt  Island,  by  matter  thrown  up  and  heaped 
together  by  this  volcanOf  In  1 4f27,  in  the  month  of  Decemberi 
tlMS  Burnt  Island  was  increased  by  hngeVocks  cast  up  by  sub- 
t^raneous  fires.  In  1650,  in  the  month  of  Septenjber,  the 
volcano  again  took  fire,  and  prqduced  the  same  effects,  without 
forming  any  island,  but  only  a  shelf  or  bank  10  fathoms  und^ 
v^ater.  Lastly,  in  the  month  of  November  last,  1707,  the 
volcano  made  an  island,  which  is  already  two  miles  in  circjw^ 
ference,  and  still  increases  by  rocks  and  otl^er  new  matter 
i^own  up.  This  burning  was  preceded,  as  at  all  other  times^ 
by  violent  shakings  of  the  earth,  followed  by  a  thick  smoke, 
that  rose  out  of  the  sea  in  the  day-time,  and  by  flames  in  the 
gight,  «id  accompanied  with  a  terrible  roaring  under  ground. 
TSere  is  no  instance  of  the  effects  of  any  volcano  ^t  land, 
like  thes^  in  the  ^ea ;  and  yet  what  renders  them  the  more 
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credjbte9  i$>  that  the  islaixd  of  Sant^Ermi  itself  is  almost. alL4>f 
it  composed  of  burnt  rocks  and  pumice-stones ;  it.producea 
some  sorts  of  grain,  but  has  neither,  rivers  nor  spruo^  oor 
anj  other  water  but  what  is  saved  in  cisterns. 


Microscopical  Observations  on  the  Tongue  and  Taste,  ^y 
Mr.  Anthony  Van  Leuwbnboek*  —  [1708.] 

Having  taken  some  neats'  tongues^  and  separated  some 
tliin  parts  of  the  outer  skin,  where  I  conceive  is  the  place 
tjhat  admits  the  juices  into  the  tongue,  by  which  that  sen^-^ 
ation  is  produced  which  we  call  the  taste,  I  separated  thouse 
aforesaid  external  particles  as  well  as  I  could  from  those  that 
lay  under  them,  and  observed  that  the  latter,  that  \&9  die 
internal,  were  furnished  with,  a  multitude  qf  pointed  p^ticlefB, 
the  tops  of  which  were  mostly  broken  off,  and  remmned 
sticking  in  the  outer  skin :  and  one  of  those  internal  particles 
of  the  tongue,  before  a  microscope,  appeared  as  a  transparent 
body,  something  larger  than  a  thimble,  having  small  internal 
holes  or  cavities,  through  which  a  greater  quantity  of  light 
was  admitted  than  by  the.  other  parts;  and  it  seemed  that 
the  extreme  parts  of  those  cavities  had  exceedin^y  sm^l 
orifices  in  them.  On  viewing  with  a  microscope  that  spacer 
of  the  tongue  which  is  between  the  protuberances,  it  was  all 
over  covered  with  abundance  of  exceedingjly  small,  rising 
round  particles,  so  close  to  each  other,  thai  you  could  not 
put  in  two  hairs  between  them.  I  stripped  off  also  the 
surface  of  the  tongue  with  a  sharp  knife,  and  repeated  the 
saine  a  second  time,  and  then  discovered  an  unspeakable 
number  of  small  holes,  some  of  which  seemed  to  be  filled* 
others  were  cut  through  lengthwise.  From  this  appearance 
I  inferred,  that  when  we  press  our  tongues  against  the  roof 
of  the  ,  mouth,  in  order  to  taste  any  thing,  the  said  long 
particles,  the  ends  of  which  are  exceedin^y  slender,  press 
through  the  uppermost  skin,  which  at  that  place  is  also  very 
thin,  and  endued  with  small  pores  or  holes,  and  so  receives  a 
little  juice ;  from  all  whicli  proceeds  the  kind  of  sensation 
which  we  call  taste. 

I  had  often  thought  that  our  taste  proceeds  alone  from  the 
tongue,  but  within  these  few  days  X  am  become  of  another 
opinion ;  for  when  I  viewed  that  part  of  the  roof  of  the 
mouth,  opposite  to  the  top  of  the  throat,  where  the  notehed 
or  jagged  parts  of  the  tongue  are  determined,  I  judged  that 
to  be  the  place  from  whence  the  head  partly  dischturgf^s 
itself,  and  the  matter  to  be  cast  out,  which  comes  into  the 
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'  tnouth  without  its  proceeding  from  the  lungs ;  as  also  that 
there  are  a  great  many  parts  in  it,  which  receive  the  mattei* 
which  we  call  the  taste. 

I  took  a  cow  or  ox's  head,  and  cut  out  the  roof  or  palate^ 
close  to  the  throat,  while  yet  worm  ;  and  pressmg  it  gently, 
I  could  perceive  issue  out  of  several  parts  of  it,  small,  round, 
protuberant,,  transparent  drops ;  and  pressing  it  a  little  harder, 
there  ensued  a  yellow  moisture.  I  took  the  uppermost  skin 
of  the  said  part,  and  viewing  it  through  a  microscope,  I 
observed,  that  at  most  of 'the  places  Arom  which  the  said 
li<]^or  proceeded,  there  was  a  round  ring  or  circle,  of  rather 
a  darker  colour  than  the  skin  or  membrane  that  lay  next  it ; 
I  could  also  perceive  in  some  of  the  said  places,  out  of  which 
the  liquor  can}f,  that  there  were  small  holes  or  orifices,  and 
these  moist  places  were  not  all  at  equal  distance  from  each 
other. 

I  discovered,  also,  in  the  said  skin  or  membrane,  a  vast  num- 
ber of  exceedingly  small  protuberances ;  as  also  in  the  upper- 

'ittbst  thin  skin,  holes  so  very  small,  that  they  almost  escaped 
the  view  through  a  microscope.  On  viewing  the  rough  skin 
that  lay  under  the  thin  skin,  I  perceived  such  slender  fibres 

'  or  bristies,  of  a  darkish  colour,  that  passed  straight  through 
the  said  skin,  corresponding  with  the  small  protuberances 
and  little  holes,  discovered  in  the  Uppermost  skin.    Vrcfn^ 

-ifais  observation  I  imagined,  that  the  last-mentioned  holes  or 

^  orifices,  and  the  little  fibres  which  I  saw  in  the  thiek  rough 
jpart,  were  those  long  partides  that  receive  the  juices,  and 
which  also  produce  timt  sensation  called  taste. 
I  also  discovered  several  long  slender  pointed  partideS> 

» which  I  conceived  to  be  rooted  or  planted  m  the  skin  with  a 
pointed  end,  and  that  these  caused  the  afbre-ihentioned  pro- 
tuberances. And  as  these  pointed  parts,  which  were  fixed 
In  the  said  {K'otuberances,  were  opposed  to  the  sight  with 
the  points  uppermost,  one  could  not  easily  make  any  observ- 
ation of  them.  - 

I  was  desirous  to  search  into  the  inward  parts  of  the 
-nostrils  of  an  ox,  as  well  as  I  was  able,  with  a  view  to  thie 
organs  of  smell ;  in  doing  which,  I  saw  that  each  side  of  the 
mouth,  which  one  might  call  the  lips,  was  furnished  with  a 
great  many  pomted  parts,  that  were  very  thick  in  the  inner 
akin,  and  being  round  ran  into  a  very  slender  point.    I  like- 

•  wise  observed  the  skin  o£  several  of  the  said  parts,  which 
werie '  very  strongly  united  to  the  parts  that  lay  in  it ;  and 
found  that  one  of  those  parts  that  lay  within,  consisted  of  a 
.great  many  pomted  partides,  which  were  much  thicker  and 
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longer  than  those  I  had  discovered  in  the  inward  pai'ts  of  the 
tohgue.  ' 

TThe  new  Island  tkrwrn  tg^near  the  Idand  ef  Scmilenm*  '  Jjjjf 
Mans.  BouBQiQNON.  *—  [1708.] 

On  Monday  the  23d  of  May>  1707>  at  sun-rising,  we  oti* 
served  between  the  two  Burnt  Islands,  commonly  called  the 
Little  and  Great  Cameny,  a»  it  were  a  floating  rock ;  which 
we  thought  at  first  had  been  some  vessel  shipwrecked  on  thatt 
coast,  and  seemed  as  if  it  would  in  a  little  time  be  dashed  to 
pieces  against  the  Lesser  Cameny,  that  was  hard  by;'  oh 
which  account  some  mariners,  in  hopes  of  booty,  put  out  im- 
mediately to  view  it.  Soon  after  we  were  surprised  to  hear 
by  them,  that  it  was  a  shoal,  which  began  to  spring  up  from 
tne  bottom  of  the  sea,  and  was  not  as  yet  very  plamly  to  be 
discerned.  Next  day  several  persons  went  out  of  curiosity  to 
satisfy  themselvesw  Some  of  them  went  upon  this  new  shoal, 
which  was  still  moving,  and  sensibly  increased  under  their 
feet.  Hiey  brought  back  -several  curiosities,  and  among 
others  a  kind  of  oysters,  very  large,  and  of  an  exquisite  taste, 
which  they  found  sticking  to  the  rock,  and  raised  out  of  the 
water,  as  the  shoal  had  increased  in  height ;  also  a  remark- 
able fine  pumice-stone. 

Two  days  before  the  springing  up  of  this  shoal  there  was 
an  earthquake  over  the.  whole  iskmd ;  and  this  was  the  only 
trouble  and  fear  that  this  new  island  gave  us ;  for  ^om  ita 
first  appearance  to  the  ISth  or  14th  of  June  it  has  continually 
increased  very  sensibly,  both  in  extent  and  height,  being  now 
about  half  a  mile  in  circuit,  and  from  20  to  25  feet  hi^h. 
This  shoal  is  very  pleasant  to  the  view,  being  of  a  wmte 
colour,  and  round  figure.  The  earth  composing  it  is  light, 
^ith  a  small  mixture  of  day*  The  sea  appears  now  more  and 
more  troubled  evenr  day ;  not  so  much  by  this  shoal  lately 
removed,  and  still  floating,  as  on  account  of  the  mixture  of  a 
vast  quantity  of  difibrent  matters,  continually  thrown  up  night 
and  day  from  the  bottom  of  the  sea;  so  that  one  might  easily 
distmguish  several  sorts  of  minerals,  by  the  diversity  of 
colours  they  made  on  the  surface  of  the  water ;  but  sulphur 
was  in  the  greatest  abundance,  insomuch  that  the  sea  was 
tjoloured  with  it  about  Santerini,  to  near  20  miles'  distance. 
The  excessive  rolling  of  the  waves  about  the  new  shoal  was 
greater  than  ever,  and  a  more  than  ordinary  heat  was  sensible 
to  any  one  that  approached  too  near,  which  was  doubtless  the 
cause  of  such  quantities  offish  being  found  dead  on  the  shore. 


:  .There  was  peiteeived  a  noisome  «teiidi)  that  infected  Ae 
neighbouring  air,  and  which  we,  at  more  than  three  mileA' 
^stance,  often  found  of  dangerous  consequence.  The  boiling 
o£  the  waters  grew  every  Say  considerably  greater ;  and  on 
i¥ida^  July  Id^  at^Bunset,  there  was  perceived,  b^ween  this 
new  island  and  the  Lesser  Cameny,  as  it  were  a  chain  ^ 
blade  rocks,  that  rose  up  j&om  a  prodigious  depth  of  the  sea, 
to  the  number  of  17  or  18,  not  very  dii^inct  from  each  other, 
but  seemed  as  if  they  would  shortly  unite  together,  and  job 
themselves  to  this  new  island,  as  they  actually  did  some  few 
4lays  aftar.  Next  day  we  saw  them  plainer,  and  those  whose 
tops  we  could  only  see  the  night  before,  now  appeared  exr 
traordinarily  large.  On  Sunday  we  ficst  perceived  smoke  to 
break  out,  much  resembling  in  thickness  and  colour  that  of  b 
burning  furnace,  and  at  the  same  time  heard  certain  murmur- 
inga  under  ground,  which  seemed  to  proceed  from  the  centre 
of  this  new  island,  as  yet  too  .deep  in  ^e  sea,  to  be  plainly 
distinguished. 

Whole  &milies  went  fi»r  refuge  to  the  neighbouring  islands, 
and  others  contented  themselves  only  with  changing  their 
habitations,  and  living  in  the  open  country,  thinking  thejEH- 
selves  safer  there.  la  the  mean  time  the  rock^  above  met)- 
tioned  united  together,  and  seemed  already  to  form  anothf$r 
island,  distinct  from  the  fbrmer.  The  smoke  app^^ed  .in 
greater  abundance,  and  the  fire  which  we  so,  much  dread^ 
at  last  began  to  break  out  about  the  19th  of  July,  fit  first 
small,  but  gradually  increased.  It  was  bo  les3  frightful  and 
ainaang  than  curious,  to  see  every  night  on  the  tpp  of  th^ 
joiount  that  nature  had  lately  formed  a  vast  number, /fb§(  it 
were,  of  burning  furnaces,  all  of  a  bright  flame.  .Qoe  night, 
at  the  end  of  July,  id)out  an  hour  after  sunset,  qs  we  were 
observing  the  different  phenomena  of  this  new  isWd,  there 
suddenly  appeared  in  the  middle  region  of  the  ^)cya  fiery 
lance,  seeming  to  come  from  east  to  west;  but  disappearing 
again  soon,  we  could  not  exactly  observe  its  dimei^siops.  In 
the  mean  time  the  Burnt  Islam  increased  prodigiously,  and 
extended  itself  principally  on  the  south  and  north  sides ;  the 
:sea  also  seemed  much  more  disturbed  and  loaded  with  sulphqr 
and  vitriol:  the  boiling  of  the  water  was  more  fierce  and 
violent;  the  smoke  thicker,  and  in  greater  abundance;  and 
'  the  fire  larger  and  more  frightful.  But  above  all,  a  stencji 
that  infected  the  whole  country  ^ew  so  insupportable,  that 
persons  of  the  strongest  constitutions  could  scarcely  breathe 
in  it;  others,  that  were  weaker,  fell  into  frecjuent  faintings; 
and  ahnost  every  body  was  seized  with  vomitings.    I  could 
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not  thto  but  imagihe  myseif  on  board  some  man  of  war,  where, 
at  ft  general  dischai^e  of  all  the  guns,^  the  confused  stink  of 
the  powdier,  tar,  and  stench  of  th&  ship,  especially  in  foul 
ireather,  often  overcomes  the. strongest  seaman.  Just- such 
^  nauseous  stench  we  were  forced  to  breathe  in»  without  be* 
ing  able  anywise  to  avoid  it»  or  defend  ourselves  from  it. 
.^is  HI  scent  was  very  mischievous,  it  spoiled  most  of  the 
vines ;  and  a  great  smoke  that  rose  out  of  the  midst  of  this 
new  island  like  a  mountain^  uniting  to  a  thidc  log,  that,  com- 
monly hangs  over  Santerini  when  Sie  wind  is  at  south,  burnt 
and  destroyed^  in  the  beginning  of  August,  hi  less  than  threi^ 
hours'  time,  all  the  fruit  that  was  ripe  and  ready  to  be 
^thered,  especially  in  such  vineyards  as  lay  most  exposed  to 
4Qie  south. 

Every  night  nature  represented  a  great  variety  of  sccsws 
'^  the  fire  broke  forth  in  di&rent  forms;  sometimes  buraij^ 
ashes  spread  themselves  in  the  aiiv  ^^  ai  plume  of  featbevs, 
which  falling  again  on  the  shoal,  made  it  appear  all  of  a  li^t 
^re.  At  other  times  one  would  think  it  was  the. dis- 
charging of  so  many  mortair-pieces,  which  threw  v^  jrocks, 
like  so  many  bombs,  capable,  jofdestroyiog  the  largest  ships ; 
though  for  the  most  part  these  stones  were  of  a  middle  size, 
"bm^  itk  6uoh  quantities,  that  I  oflen  saw  tMs  little  island  all 
covered  with  them,'  and  so  pleasantly  illuminated,  that  one 
would  never  be  weary  of  loolong  on  it. 

These  dreadful  discharges  were  less  frequent  at  the  end  of 
August,  but  increased  in  September,  were  daily  in  October, 
tand  at  this  time  (November  20.)  ^xe^  almost  incessant^  the 
•island  bebg  now  at  least  three  miles  in  drcum&rence,  a«i 
from  35  to  40  feet  in  height.  It  is  true,  the  noise  is  notno 
loud ;  the  stones,  that  are  cast  up,  are  not  so  laige  nor  ;^ 
many;  the  boiling  and  disorder  of  tiie  water  is  much  abated; 
the  sea'  begins  to  recov^  its  former  colour ;  the  stench,  that 
was  before  insupportaUe,  has  been  very  little  for  these  tax. 
'Weeks.  Yet  the  smoke  grows  every  day  thicker,  bladi^,  and 
-in  greater  abundance ;  Sie  fire  is  more  than  ever,  and  seems 
sometimes  to  strike  the  very  slgr ;  the  subterraneous  noised 
continual,  and  so  violent  that  it  cannot  be  distinguished  from 
thunder;  dust* and  ashes  fall  daily  on  this  our  island.  Jn 
short,  our  new  island  grows  every  day  more  ourious,  mose 
dreadful,  and  less  accessible;  and  ist;ontinually  increasing  on 
^the  south-west  side. 
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^Camcerninff,  a  Colliery  thai  was  blown  up  near  Newcastk* 
^  By  the  Rev.  Dr.  Arthur  Charlett.  —  [1708.] 

Ok  Wednegday,  the  18th  day  of  August,  1708,  at  Fatfield, 
in  1^  parish  of  Chester-le^street,  about  three  o'clock  in  the 
momiBig,  by  the  sudden  eruption  of  a  violent  fire,  which  di*^ 
barged  Hself  at  the  mouths  of  three  pits,  with  as  great « 
noise  as  the  firing  of  cannon,  or  the  louciest  daps  of  thunder, 
69  persons  were  destroyed  in  an  instant*  Three  of  them, 
w*  two  men  imd  a  woman,  were  blown  quite  up  from  the 
tettott  of  the  shafl,  57  fathom  deep,  into  the  air,  to  a  com* 
etderable  dbtance  from  the  mouth  of  the  pit;  one  of  the  men 
with  his  head  almost  off,  and  the  woman  with  her  bowels 
hanging  about  her  heels*  The  machine  by  which  the  coals 
were  dntwn  lu^  and  is  of  a  great  weight,  was  blown  off  by  the 
^MPce  of  the  buwti  and  what  is  more  wonderful,  the  fish  which 
4rere  ia  the  rivulety  that  runs  20  yards  under  the  level,  and  at 
-aa  greet  a  distance  JErom  the  mouth  of  one  of  the  pits,  were  in 
great  numbers  taken  up  dead,  floating  on  the  water,  by  several 
ef  the  ifiliabitaiits* 


\Cch»cermng  (he  Icy  Mountains  of  Switzerland.  By  Wzluau 
.  ^i^-srar,  JSs^r.— [1709.] 
I  WEKT  to  the  Grmdlewald,  a  mountain  two  days'  journey 
fkoxBL  Bern,  where  I  saw,  between  two  mountains,  a  river  of 
iee  as  it  were,  which  divides  into  two  branches,  and  in  its  way, 
4&om  the  top  to  the  bottom  of  the  mountains,  swells  into  vast 
lieaps,  some  larger  than  St.  Paul's  church;  the  original  of 
which  seems  te  have  been  dus  \  the  tops  of  these  mountains 
.are  covered  all  the  year  with  snow  ;  this  snow  melts  in  tlie 
summer,  uid  Ms  to  the  bottom,  where  the  sun  never  reaches ; 
^ere  it  is  frozen,  which  happens  more  easily  to  melted  snow 
thatt  common  water.  Thus  every  year  it  has  increased,  till 
it  has  reached  the  very  top*  The  reason  why  the  water  has 
always  .frozen,  though  the  sun  shines  on  the  middle  of  the 
mmmtun,  m»d  higher,  some  part  of  the  day,  is  that  the 
melted  water  goes  under  the  ice  already  formed,  and  there 
fre^es,  and  so  expanding  itself  raises  the  ice  above  it,  and 
aometimes  makes  it  cra(£  so  as  to  frighten  the  whole  neigh- 
bouishood*  And  the  reason  plainly  appears,  because  the 
upper  surface  being  solid,  cannot  be  dilated  without  making 
great  chinks,  and  that  with  a  terrible  noise.  They  told  me, 
on  the  place,  that  every  seven  years  the  mountain  increases, 
and  the  next  seven  it  decreases ;  but  I  doubt  their  observation 
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18  nat  exact  If  there  be  any  fpundatioa  for  it,  it  seemslo 
be,  that  in  the  hottest  summers  it  increases,  and  in  the  more 
moderate  ones  it  decreases,  there  being  then  less  melted 
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JEaperimmU  <m  Metaby  made  toith  the  BunUng-Glast  pf  the 
fiuke  of  Orleans,  By  Mans.  G^offjsoy,  F.B.S.  ^11709.^ 

This  burning-glass  is  three  feet  in  diameter,  and  it  collects 
ti)e  rays  of  the  smi  at  10  feet  distance,  where  it  forms  a  focus 
vi  about  three  inches  diameter,  which  is  again  contracted,  by 
means  of  another  glass  lens,  to  an  inch  diameter,  and  conse* 
quentlyis  rendered  nine  times  as  strong. 

The  experiments  on  iron  were  the  following :  -^  I  pboed 
in  the  focus  of  the  burning-glass  a  piece  of  S>rged  iron,  of 
about  a  drachm  weight ;  it  became  red-hot,  and  its  surface  waa 
covered  with  a  black  matter,  like  pitch  or  tar.  On  with* 
drawing  the  hron  out  of  the  focus  in  this  state,  this  matter 
fixes  itself  on  the  surface  of  the  metal,  and  there  forms  a 
small  skm,  or  very  fine  blackish  scale,  which  is  easily  se^ 
parated  by  striking  upon  it ;  and  that  part  of  the  iron  that 
was  covered  with  this  scale  appears  blacker  than  ordinary. 
This  scale  is  soine  of  the  sulphureous  part  of  the  iron,  which 
rises  to  the  surface  of  the  metal  when  ready  to  melt,  and 
there  remains  for  some  time,  befcNre  it  exhales.  It  is  plainly 
this  sulphureous  part  that  rises  upon  iron,  and  polffihed  steel^ 
when  heated,  and  gives  them  all  those  different  colours,  from 
a  yellow  to  a  violet,  a  water  colour,  or  a  black.  By  continuing 
to  hold  this  piece  of  iron  on  the  charooal,  it  entirely  melts, 
and  at  the  same  time  emits  very  bright  sparks  in  great  quan- 
titles,  sometimes  to  more  than  a  foot  distance  from  the  coflL 

By  saving  what  flies  off  during  this  sparkling,  by  holding  a 
sheet  of  paper  under  the  coal,  we  find  that  they  are  so  many 
very  small  globules  of  iron,  and  the  greatest  part  of  them 
hollow.  All  the  iron,  that  is  held  in  fusion  on  the  coal,  flies 
away  in  sparkles  after  this  manner,  till  none  remains. 

llie  result  of  these  experiments  is,  that  the  four  metals, 
which  we  call  imperfect,  viz.  iron,  copper,^,  and  lead,  are 
composed  of  a  sulphur  or  oily  substance,  and  of  a  metallic 
earth  capable  of  vitrification :  that  from  this  sulphur  pro- 
ceeds the  opacity,  brightness,  and  malleability  of  a  metal : 
that  this  metallic  sulphur  does  not  appear  at  all  different 
from  the  oil  of  vegetables  or  of  animals :  that  it  is  the  same 
in  mercury  as  in  the  four  imperfect  metals :  that  these  four 
metals  have  for  their  basis  an  earth  susceptible  a£  vitrificatioil: 
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that  this  earth  is  different  in  0^&ry  one  of  these  four  metabi 
as  it  vi^ifSes  differently  in  each  <k  them  ;  and  that  on  this 
difference  in  vitrifying  depends  the  difference  of  metals* 


JSHcroBCOpioal  ObeervaHons  tm  ihe  Particles  rf  CrpstalUmi 
Sugar^  By  M,  LsuwsirgosK^  F.B.S.  —  [1710.] 
The  [Murticles  of  sugar-candy  consist  of  two  broad  and  tt^o 
narrow  sides ;  and  the  others,  t.  e.  the  top  and  bottom,  run 
into  a  sharp  point,  like  the  figure  of  a  wedge  or  chisell. 
The  following  are  some  figures  of  them.  The  ^ 

engraving  represents  a  small  bit  of  sugar- 
candy. 

For  my  further  satisfaction  concerning 
sugar-candy,  and  its  coagulation  in  syrup,  I 
took  some  povnlered  sugar,  and  dissoivea  it 
in  water,  and  then  boiled  it  until  I  supposed 
all  the  water  was  evaporated ;  after  which  I  placed  it  on 
several  passes,  to  observe  the  coagulation  of  hs  nmall  par- 
ticles. Some  days  after  I  observed  a  great  many  complete 
figures,  which  hy  coagulated  in  several  shines,  but  all  of 
•them  as  clear  and  transparent  as  crystal,  forming  a  pleasant 
•sight :  but  I  expected  to  have  found  them  all  of  one  and  the 
same  shape,  and  that  they  would  have  appeared 
like  the  above ;  but  when  viewed  with  a  micro- 
scope, some  of  them  appeared  like  this  engraving. 
I  likewise  saw  a  few  coagulated  sugar  particles, 
that  appeared  in  complete  quadrilateral  figures 
one  of  which  is  rejpresentea,  and  was  as  clear 
and  transparent  as  any  diamond.  These  particles 
were  not  larger  than  a  small  grain  of  sand.  In 
the  middle  of  them  was  a  very  dear  particle,  of 
the  same  figure  with  the  whole  body ;  from  whence 
it  appears,  that  the  said  whole  body  was  much  smaller  at  its 
coagulation,  but  increased  continually 
by  new  accessions  of  matter  round 
about  it;  and  that  in  proportion  to 
Ae  number  of  perimeters,  the  body 
increased  in  size  nom  time  to  time. 

These  partides  preserved  their 
complete  rorms  and  crystalline  ap- 
pearances as  long  as  it  was  dry  weather ; 
but  when  it  happened  to  be  moist  or 
rainy,  we  observed  moisture  about  the  particles  of  the  sugar, 
which  in  dry  weather  evaporated  again  ;    and  then  there 
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Coagulated  an  infihite  number  of  BmaH  ^ngar  pardclieft  iipon 
tibus  greater,  and  those  were  so  exceedingly  small,  that  -n 
thousand  of  them  together  were  not  so  large  as  one  of  those 
particles  before  represented,  which  was  itself  not  so  large  ad 
a  single  grain  of  sand.  Now  since  we  see  that  from  one  and 
the  same  matter  two  different  figures  are  coagulated^  it  is 
easy  to  conceive  that  severed  other  figures  might  be  pro- 
duced in  the  first  coagulation,  especially  when  any  of  the 
parts  of  those  little  bo£es  lie  upon  each  other ;  and  there* 
fore,  also,  we  should  not  wonder,  to  see,  in  the  coagulation  of 
salts,  several  figures  produced  out  of  one  particle  of  salt 


On  the  Us^ness  of  the  Silk  of  Spiders.  By  M.  Baxj^ 
P.jR.S.  ofMofOpelier.^  [1710.] 
Spiders  make  a  silk  as  beautiful,  strong,  and  glossy,  as 
common  silk :  the  prejudice  entertained  against  so  commcm 
and  despicable  an  msect  is  the  reason  that  the  public  has 
been  hitlierto.  ignorant  of  its  usefulness.  Even  common  sili^ 
as  considerable  as  it  is,  was  long  unknown,  and  was  neglected 
after  its  disco vety.  It  was  in  the  ishnd  of  Coos,  that  Panh* 
phila,  daughter  of  Platis,  first  discovered  the  manner  of  work* 
mg  it.  This  discovery  became  soon  after  known  to  th^ 
Romans,  who  brought  their  silk  from  the  country  of  tli6 
Seres,  a  people  of  Scythia  in  Asia,  near  the  mountam  Imaus, 
where  silk-worms  naturally  breed ;  but  far  from  deriving  any 
advantage  from  so  useful  a  discovery,  they  could  never  imagine 
these  worms  shoidd  produce  so  beautiful  and  valuable  a 
thread,  and  made  mapv  chimerical  conjectures  about  it.  So 
ihat  in  consequence  of  iJieir  ignorance  and  idleness  silk  was 
for  several  ages  so  very  scarce,  that  it  was  sold  for  its  wdght 
In  gold ;  and  Vopiscus  relates,  that  for  this  reason  the  £m^ 
peror  Aurelian  refused  his  empress  a  suit  of  silks  though  she 
.earnestly  desired  it.  Its  scarcity  continued  a  long  time,  and 
it  was  to  the  monks  at  last  that  we  owe  the  manner  of  breed- 
ing silk-worms,  who  brought  their  eggs  from  Greece,  under 
Jjxe  reign  of  the  Emperor  Justmian,  as  we  learn  ^om  Gode- 
frldus,  m  his  notes  on  the  Code ;  and  Ulpian  assures  us,  that 
the  price  of  silk  was  equal  to  that  of  pearls.  It  was  late 
before  France  enjoyed  die  benefit  of  this  discovery ;  when 
Henr^  U.  brought  to  the  marriages  of  his  daughter  and  sister 
the  .firfit  silk  stockings  that  were  seen  in  his  kingdom.  To 
him  and  his  successors  we  owe  the  establishment  of  tht^ 
manu&cture  at  Tours  and  Lyons,  which  has  mode  silk  so 


(^(ttximon»  and  has  so  ^reaitly.mdreaa^d  the  magnificence  of 
furniture  and  clothes* 

.-The  ingenious  fable  of  Arachne  shows  us,  that  it  is  to  the 
spider  we  owe  the  first  liints  of  weaving  cloth,  apd  lajii^ 
nets  for  animals ;  so  the  advantage  which  may  arise  from  thia 
uiisect  will  perhaps  make  it  hereafter  be  esteemed  as  lughljT 
as.silkrwonus  and  bees. . 

.  I  shall  reduce  all  the  different  sorts  of  spiders  to  two  prinf 
dpal.  .kinds,  viz.  such  as  have  long  legs,  and  such  as  hate 
^ort  ones :  the  latter  of  which  furnishes  the  silk  I  am  npTf 
speaking  of.  ^  In  respect  of  their  particular  differences,  they 
are  distmguished  by  their  colour;  some  being  black,  others 
brown,  yellow,  green,  white ;  and  some  again  of  all  these 
several  colours  mixed  together.  They  £Ser  also  in  the 
nunober  and  position  of  their  eyes,  some  havmg  six,  vothers 
eighty  and  some  ten,  differently  plaqed  on  the  top  of  the  head> 
as  may  easily  be  seen  by  the  naked  eye,  but  much  better  by 
the  help  of  a  glass.  They  are  alike  in  other  respects,  as  in 
their  body,  which  nature  has  divided  into  two  parts ;  the  fore 
part  ifi  covered  vrith  a  shell,  or  hard  scale,  set  with  hairs ;  it 
contains  the  head  and  breast,  to  which  are  fixed  its  eight 
tegs,  each  of  them  consisting  of  six  joints;  they  have  alsb 
two  other  legs,  which  may  be  called  their  arms,  and  two 
Qlaws>  armed  with  two  crooked  nails,  and  joined  by  articu** 
lations  to  the  extremity  of  the  head ;  with  these  claws  they 
km  the  insects  they  feed  on,  their  mouth  being  immediately 
underneath  them.  They  have  two  small  nails  at  the  end  of 
^ch  leg,  and  a  spongy  substance  between  t^em,  which  is 
doubtless  of  service  to  them  when  they  go  upon  smooth 
WdieSf  ' 

All  spiders  spin  their  threads  from  the  anus,  about  which 
there  are  five  papillae,  or  small  nipples,  which  at  first  sight 
one  would  take  for  so  many  spindles,  that  serve  to  form  the 
it^ead ;  t  have  found  these  papillae  to  be  muscular,  and 
turnished  with  a  sphincter.  A  little  within  these  I  have 
Observed  two  others,  from  the  middle  of  which  issue  several 
threads,  in  a  pretty  large  quantity,  sometimes  more,  arid 
sometimes  .less,  which  the  spiders  make  use  of  after  a  very 
mechanical  manner,  when  uiey  want  to  go  from  one  place 
to  anoth^. :  they  hang  themselves  perpendicular  by  a  thread, 
and  turnmg  tl^eir  head  towards  the  wind,  they  shoot  several 
nthers  from,  their  anus,  like  so  many  darts ;  and  if  by  chance 
tlie  wind,  which  spreads  them  abroad,  fastens  them  to  any 
Solid  body,  which  they  perceive  by  the  resistance  they  find 
to  drawing  them  in  from  time  to  time  with  their  feet,  they 
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tbenn  make  use  of  this  kmd  of  bridge^  to  pass  to  the. place 
where  their  threads  are  fixed.  But  if  these  threads  meet 
with  nothing  to  fix  on,  the  spiders  continue  to  let  them  out 
further,  till  their  great  lengthy  and  the  force  with  which  tl^e 
Jwind  drives  them,  surpassing  the  weight  of  their  bodies,  thejr 
find  themselves  to  be  strongly  drawn ;  and  then  breaking  the 
first  thread,  which  the^  hung  by,  they  let  themselves  Tooae 
to  foe  driven  by  the  wmd,  and  nutter  on  their  badu  in  the 
wr  with  their  legs  stretched  out.  And  by  these  two  ways  it 
is,  that  they  pass  over  roads,  streets,  and  the  broadest  m&oh 
as  in  the  engraving. 


mi 

^-«__J^fes.  ^ 

B^^n^Ag 

^^^^ 

|^|W»™ 

^^^ 

JliJHUW.' -Zf-z+r^:;-^  -^'^  ^gj^^^rW^^ 

One  may  himself  wind  up  these  threads,  whidi,  by  reason 
of  their  being  unitod  together,  seem  to  be  but  one  wheti 
they  are  about  a  foot  in  length ;  but  I  have  distinguished 
them  into  15  or  20  at  their  issuing  from  the  anus.  What 
IS  further  remarkable,  is  the  ease  with  which  this  insect 
moves  its  anus  every  wa^,  by  means  of  the  many  rings  that 
border  upon  it.  Tnis  is  absolutely  necessary  for  them,  in 
order  to  wind  up  their  threads  or  sUk,  which  in  the  female 
^ider  is  of  two  sorts.  The  first  thread  that  they  wind  h 
weak,  and  serves  them  for  no  other  use  than  to  make  that 
•ort  of  web,  in  which  they  cateh  flies.  The  second  is  much 
stronger :  in  this  tliey  wrap  up  their  eggs,  and  by  this  means 
peserve  them  fi-om  the  cold,  and  secure  them  firom  such 
msects  as  would  destroy  them.  These  last  threads  are 
wrapped  very  loosely  about  their  eggs,  and  resemble  in  form 
the  bags  of  silk-worms,  that  have  been  prepared  and  loosened 
between  the  fingers,  in  order  to  be  put  upon  the  distaff* 
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These  spidem'  bags  are  of  a  grey  colour  when  nevr,  but  turn 
blackish  when  long  exposed  to  the  air.  It  is  true,  one  may 
find  several  other  spiders'  bags  of  different  colours,  and  that 
afford  a  better  silk,  e^eciaUy  those  of  the  tarantula ;  bat 
their  scarcity  would  render  it  Vjgry  difficult  to  make  experi^ 
ments  upon  theea ;  so  that  we  must  confine  ourselves  to  Hi^ 
tegs  of  sudi  spiders  as  are  most  common,  which  are  the 
ahort-l^ged  ones.  These  always  find  out  some  place,  secure 
from  the  wmd  and  rain,  to  make  their  bags  in ;  as  hollow 
trees,  the  comers  of  windows  or  vaults,  or  under  the  eavjss 
of  houses.  And  by  getting  together  a  great  many  of  th^e 
bags,  it  was  that  I  made  this  new  silk,  which  is  nowise  in* 
ferior  in  beauty  to  common  silk.  It  easily  takes  all  sorts  of 
;c<^<Hirs ;  and  one  can '  as  well  make  large  pieces  of  it  as 
Blockings  and  gloves,  which  I  have  done. 
.  >  We  could  breed  spideiH  as  they  do  silk-worms ;  fat  they 
multiply  much  more,  and  everyspid^  lays  600  or  700  ^gs; 
whereas  the  papilios,  or  flies  of  silk-'WormS)  lay  only  about 
100 ;  and  of  ^is  number  we  must  abate  at  least  half,  on 
account  of  their  being  subject  to  several  diseases,  and  are  so 
tender,  that  the  least  matter  hinders  them  irom  making  their 
bttgs.  I^ider-bags,  on  account  of  their  lightness^,  yield  much 
nw^e  silk  than  die  others;  as  a  proof  of  which,  13  oz.  yield 
eta*  4  02S.  of  clean  silk ;  3  oz.  of  which  will  make  a  pair  of 
etoddngs  for  the  largest-sized  man:  those  I  have  mkdie 
Wt^h  only  2oz.  and  a  quarter,  and  the  gloves  about  three* 
quarters  of  an  ounce ;  whereas  stockings  of  common  silk  weigh 
7  or  a  OE.  . 

'.  It  is  certam  that  a  great  advantage  may  be  made  of  this* 
insect^  which  has  always  been  thought  troublesome  and 
dangerous,  on  account  of  its  venom;  but  I  confidently  assert^ 
thai  4spiders  are  not  venomous ;  having  been  very  often  bitten 
by  them  myself,  without  any  ill  consequence.  And  as  for 
Ibeir  silk,  it  is  so  &r  from  having  any  venom,  that  every  Ikm^ 
inaksi  use  of  it  to  stop  bleeding,  and  heal  cuts;  and,  indeed 
its  natural  gluten  is  a  kind  of  balsam,  that  cures  small  wounds, 
by  defendi^  them  from  the  air. 


Eacptrim^nts  on  Fishes  kept  in  WaJter^  under  different  Circwn^ 
stances.  By  Mr.  Fr.  Havksbee,  F.R.  &  —  [1712,] 
Tbb  fishes  used  in  the  following  experiments  ^  were 
gudgeons ;  which  are  naturally  very  brisk  and  lively  in  thie 
water,  and  can  live  a  considerable  time  out  of  it.  I  put  three 
iolo  a  glass  vessel  with  about  ^ree  pints  of  conunon  wat^r : 
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these  fishes  were  to  be  a  standard  td  compare  the  others  by\ 
Into  another  glass  I  {>ut  three  more  to  a  like  quantity  of 
water,  whicli  just  filled  it;  I  then  screwed  down  a  brass  plate 
with  a  leather  between,  to  prevent  a  communication  with  the 
water  in  the  glass  and  the  external  air ;  and  that  it  might  th^ 
better  resemble  a  pond  of  water  irozen  over,  on  which  account 
this  experiment  was  made,  I  suffered  as  little  air  as  possIU? 
to  remain  on  the  sur&ce  of  the  included  water.  The  third 
class  had  a  like  quantity  of  water,  which  first  by  boiling,  then 
by  continuing  it  a  whole  night  in  vacuo  on  the  air-pump,  was 
completely  deprived  of  its  air:  into  this  water,  also,  I  put  the 
same  number  of  gudgeons  as  into  the  former,  and  then  waited 
the  event. 

It  was  about  half  past  ten  o'clock  m  the  morning  when  I 
began  the  experiments^  and  in  about  half  an  hour  from  that 
time,  the  fishes  in  the  exhausted  water^  or  water  deprived  of 
its  air,  began  to  discover  some  uneasiness  by  a  more  tJiafl 
ordinary  motion  in  their  mouths  and  gills,  or  respiration,  if  I 
may  call  it  so,  differingfirom  the  fishes  in  the  other  glasses,  which 
at  the  same  time  showed  no  alteration:  only  I  observed  that 
tfacy  would  now  and  then  ascend  to  the  top  of  the  water,  but 
suddenly  swim  down  again;  and  in  this  state  they  continued 
for  some  considerable  time,  without  any  sensible  alteration.  - 

About  five  hours  after  the  last  observation,  the  fishes  in  the 
edchausted  water  became  not  so  active,  on  a  motion  given  to 
the  glass  that  contained  them,  as  before;  and  the  gudgeons 
included  without  any  communication  with  the  outward  air 
now  began  considerably  to  abate  of  their  vivacity.  At  seven 
ill  the  evening  the  included  fishes  lay  all  at  the  bottom  of  the 
glass,  with  their  bellies  upwards;  nor  on  sh^ng  the  glass 
could  I  put  them  in  motion,  or  cause  them  to  stir  their  fins 
or  tail,  only  I  could  observe  a  motion  in  their  mouths,  which 
showed  they  were  not  quite  dead.  In  this  state  they  lay  for 
some  time ;  but  considering  tlie  experiment  would  not  be 
^romplete,  if  I  did  not  attempt  their  recovery  by  taking  off  the 
brass  cover,  being  very  certain  they  must  nave  died  in  some 
small  time  under  the  circumstances  they  were  in,  I  took  off 
the  cover,  and  gave  the  surface  of  the  water  a  free  and  open 
communication  with  the  external  air.  At  about  ten  at  mght 
I  observed  them  again,  when  tlieir  recovery  was  so  evident, 
that  on  a  little  disturbing  the  glass  that  contained  them,  they 
were  actually  in  motion  again  ;  and  at  this  time,  also,  the  fishes 
in  tha  water  deprived  of  air  began  to  appear  more  brisk  an^ 
lively  than  at  the  last  observation. 

Here  I  cannot  but  take  notice,  that  though  the  wjit«  was 
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deprived  of  its  air  to  a  very  great  degree,  ^et  the  fishes  put 
into  it  did  not  so  much  as  once  ascend  in  it ;  but  continued 
always  at  the  bottom,  as  those  did  in  the  common  water.  At 
this  time  I  left  them  till  the  next  morning ;  when,  about 
(eight  o'docK  I  found  them  as  lively  in  all  the  glasses  as  when 
ifirstputin. 

prom  the  whole  account  I  observe,  1  st.  That  water  deprived 
of  air,  so  far  as  the  method  here  made  use  of  is  capable  to  do 
it,  renders  it  not  altogether  unfit  to  support  the  lives  of  water 
animals.  For  though  when  the  fish  were  first  put  in,  and  for 
some  hours^after,  they  seemed  to  suffer  some  uneasiness,  yet, 
at  length  the  water  became  more  familiar  to  them,  or  tneir 
constitutions  in  some  measure  did  so  conform,  as  to  render 
the  water  to  them,  and  them  to  the  water,  more  agreeable : 
othermse  I  do  not  see  how  their  recovery  should  follow, 
since  on  examination  little  or  no  alteration  could  be  found  in 
the  circumstances  of  the  water,  from  the  time  the  fish  were 
first  put  in. 

2dly,  The  fish  included  with  their  water  from  any  com- 
paunication  with  the  external  air  plainly  demonstrate,  that 
common  water  in  its  natural  state  is  not,  alone,  sufficient  to 
preserve  the  lives  of  Its  natural  animals.  Hence  it  follows^ 
that  in  ponds,  when  the  water  comes  to  be  firozen  over  with 
a  pretty  thick  ice,  the  fish  in  such  ponds  are  very  likely,  if 
not  certain,  to  perish,  on  the  continuance  of  such  a  congelation 
fbr  some  time  on  their  sur&ces ;  unless  (as  in  the  latter  part 
of  the  experiments)  the  impediment,  which  hindered  the  im* 
mediate  contact  of  the  air  with  the  surface  of  the  water,^  be 
removed ;  that  is,  by  breaking  holes  in  the  ice,  by  which  it  i$ 
restored,  and  undoubtedly  will  {perform  the  same  thing  as  my 
removal  of  the  brass  plate*  This  is  to  be  understood  only  m 
ponds,  where  the  water  is  stagnant;  for  where* there  are 
Springs,  or,  a  current  of  water  constantly  succeeding  under  the 
ic^,  t£e  effect  moit  likely  will  not  be  the  same. 


^  Burning  Spring  ai  Brosdeyy  in  ShropsMre.    By  Mr.  Bd. 

JSTopj-oi/.— [1712.] 
/*  Thb  famous  boiling  well  at  Broseley,  near  Wenlock,  in  the 
county  of  Salop,  was  discovered  about  June,  1711-  It  wa^ 
first  announcea  by  a  terrible  noise  in  the  night,  about  two 
nights  after  a  remarkable  day  of  thunder :  the  noise  awaked 
several  people  in  their  beds,  that  lived  hard  by;  who  coming 
to  a  boggy  place  under  a  little  hill,  about  200  yards  from  the 
idysi  S^yeriib  perc^ived,.^,  surprising  rumbling  and  shaking  in 
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the  earth,  and  a  little  boiling  up  of  watef  through  the  gmm. 
Thej  took  a  spade,  and  digging  up  some,  part  of  the  eartii, 
immediately  the  water  flew  up  a  great  height,  and  a  candle 
that  was  in  their  hand  set  it  on  fire.  To  prevent  the  spring 
being  destroyed,  an  iron  cistern  is  placed  about  it,  with  a 
cover  to  be  locked,  and  a  hole  in  the  middle,  through  which 
the  water  may  be  viewed*  If  a  lighted  candle,  or  any  thing 
of  fire  be  put  to  this  hole,  the  water  immediately  takes  fire, 
and  bums  like  spirit  of  wine,  or  brandy,  and  continues  so  long 
as  the  air  is  kept  from  it ;  but  by  taking  up  the  cover  of  the 
cistern,  it  quickly  goes  out.  The  heat  of  this  fire  much  ex- 
ceeds the  heat  of  any  fire  I  ever  saw,  and  seems  to  have  more 
than  ordinary  fierceness  in  it 

Some  people  out  of  curiosity,  after  they  have  set  the  water 
on  fire,  have  put  a  kettle  of  water  over  the  cistern,  and  in  it 
green  peas,  or  a  joint  of  meat,  and  cooked  it  much  sooner  than 
over  any  artificial  fire  that  can  be  made.  If  there  be  put 
green  boughs,  or  any  thing  else  that  will  burn,  upon  it,  it  pre- 
sently consumes  them  to  ashes.  The  water  of  itself  is  as 
cold  as  any  water  I  ever  felt ;  and  what  is  remarkable,  as  soon 
as  ever  the  fire  is  out,  if  the  band  be  put  into  it,  it  feels  as 
cold  as  if  there  had  been  no  such  thing  as  fire  near  it 


OhservoHms  on  the  Subierrcmeous  Trees  in  Dagmham^  cmd 

other  Marshes,  bordering  on  the  River  Thames.    By  the 

Rev.  Mr.  W.  Derham,  P.R.S.—  [1712.] 

Between  four  and  five  years  ago,  there  happened  an  in- 
undation at  Dagenham  and  Havering  marshes,  in  Essex,  by 
a  breach  in  the  Thames  wall,  at  an  extraordinarily  high  tide  ; 
and  by  means  of  the  great  violence  of  the  water,  a  large 
channel  was  torn  up,  or  passage  for  the  water,  of  100  yaras 
wide,  and  20  feet  deep  in  some  places ;  in  some  more,  sonie 
less.  By  which  means  a  great  number  of  trees  were  laid 
bare. 

The  trees  were  all  of  one  sort,  excepting  only  one,  which 
was  a  large  oak,  with  the  greatest  part  of  its  bark  on,  and 
some  of  its  head  and  roots.  The  rest  of  the  trees  are  by 
most  persons  taken  to  be  yew ;  but  a  very  ingenious  gentle- 
man convinced  me  they  might  more  probably  be  some  other 
wood,  as  alder,  which  grows  plentifully  by  our  fresh-water 
brooks,  or  else  hornbeam. 

Bv  lying  so  long  imder  ground,  the  trees  are  become 
black  and  hard,  and  their  fibres  are  so  tough,  that  one  may 
as  easily  break  a  wire  of  the  same  size  asrawf^pf  l^em. 
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Tliey  maintain  this  tougliness,  if  the  wood  be  kept  dry.  But 
by  drying,  the  trees  become  cracked,  and  very  flawy  withi^ 
but  look  sound  outwardly,  and  with  difficulty  yield  to  wedges. 

There  is  no  doubt  but  those  trees,  grew  in  the  place  where 
they  now  lie,  and  that  in  vast  multitudes,  as  they  lie  so 
thick  upon,  or  near  each  other,  that  in  many  places  I  could 
step  £rom  one  to  another.  And  there  is  great  reason  to 
think,  that  not  only  the  marshes,  which  are  now  overflow]^; 
which  are  about  1000  acres,  are  stored  with  those  subterra« 
nebus  trees,  but  also  all  the  marshes  along  by  the  river  sidcj; 
for  several  miles ;  for  we  discover  these  trees  all  along  the 
Thames  side,  over  against  Rainham,  Wennington,  Purfleet, 
and  other  places;  and  in  the  breach  that  happened  at 
West-Thorrock,  about  21  years  ago,  they  were  washed  oat 
in  as  ffreat  numbers  and  of  the  same  kind  of  wood,  as  thos^ 
found  lately  in  Dagenham  and  Havering  Levels. 

Most  of  the  trees  that  I  met  with  had  their  roots  on,  and 
many  of  them  their  boughs,  and  some  a  part  of  their  bark. 
There  was  only  one  that  I  perceived  had  any  signs  of  the 
axe,  and  its  head  had  been  lopped  off.  As  I  passed  the 
channel  which  the  water  had  torn  up,  I  could  see  all  along 
the  shores  vast  numbers  of  the  stumps  of  those  subterraneous 
trees,  remaining  in  the  verpr  same  posture  in  which  they 
grew,  with  their  roots  nummg  some  down,  some  branching 
and  spreading  about  in  the  earth,  as  trees  growing  in  the 
earth  commonly  do«  Some  of  those  stumps  I  thought  had 
signs  of  the  axe,  and  most  of  them  were  flat  at  top,  as  if  cut 
off  at  the  surface  of  the  earth ;  but  beins  rotten,  and  bat- 
tered, I  could  not  fullv  satisfy  myself,  whemer  the  trees  had 
been  cut  or  broken  off. 

The  soil  in  which  all  those  trees  grew  was  a  black,  oozy 
earth,  full  of  the  roots  of  reed ;  on  the  siu'face  of  which  oozy 
earth  the  trees  lay  prostrate,  and  over  them  a  covering  of 
gi^y  mould,  of  the  same  colour  and  consistence  with  the  dry 
sediment,  or  mud,  which  the  water  leaves  behind  it  at  this  day. 
This  covering  of  grey  earth  is  about  seven  or  eight  feet  thick, 
in  some  places  12  feet  or  more,  in  some  less ;  at  which  depths 
the  trees  generally  lie.  The  trees  lay  in  no  kind  of  order, 
but  some  this  way,  some  that,  and  many  of  them  across ; 
only  in  one  or  two  places,  I  observed  they  lay  more  orderlj^, 
with  their  heads  for  the  most  part  towards  the  north,  as  if 
they  had  been  blown  down  by  a  southerly  wind,  which  exerts 
great  force  on  that  shor^. 
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816  STRATA   IK  A  COAL-PIT. 

Strata  ofEarOi,  Stone^  Cocd^  S^c.  found  in  a  CoaUPU  at  Ad 
•  West  End  ofDvdley^  in  Staffhrdshire.    By  Mr.  JBellsbs^ 

L  A  yellowish  clay,  immediately  mider  the  turfl 

2.  A  bluish  clay. 

3.  A  bluish  hard  clay,  called  by  the  miners  clunch.  This 
is  one  of  the  certain  signs  of  cosiL    It  has  in  it  mineral  plants. 

4.  A  bluish  soil  clay. 

5.  A  fine-grained  grey  stone ;  it  lies  next  the  former,  and 
is  found  in  some  pits  only. 

6.  A  clay  almost  like  the  first,  only  whiter. 

7.  A  hard  grey  rock,  with  something  like  the  impressions 
of  vegetables,  but  none  distinct. 

6.  A  blue  clunch,  like  No.  3.,' with  mineral  plants  in  it; 
8,  +>  this  stratum,  which  is  the  same  with  No.  13.,  was  not 
taken. 

9.  Coal,  called  bench-coal. 

10.  Coal,  less  black  and  shining  than  the  former,  called 
slipper-coal. 

11.  Coal,  more  black  and  shining,  called  spin-coal. 

12.  A  coal,  like  cannal-coal,  by  the  miners  called  stone- 
coaL  These  strata  of  coal  have  between  each  of  them  a  bat> 
of  about  the  thickness  of  a  crown  piece. 

13.  A  black  substance,  called  the  dun-row-bat. 

14.  A  hard  grey  iron-ore,  called  the  dun-row-iron-stone. 

15.  A  bluish  bat,  in  which  the  following  iron-stone  lies, 
called  the  white-row. 

16.  A  hard  blackish  iron-ore,  lying  in  small  nodules,  having 
between  them  a  white  substance,  and  from  thence  by  the 
miners  called  the  white-row-grains,  or  iron-stone. 

17.  A  hard  grey  iron-ore,  with  some  white  spots  in  it, 
called  the  mid-row-grains. 

18.  A  black  fissile  substance,  called  the  gublin-bat. 

19.  A  hard  blackish  iron-ore,  with  white  spots  in  it,  called 
the  gublin-iron-stpne^ 

20.  A  bat,  in  substance  much  like  that  of  No.  18. 

21.  A  hard  grey  {ron  ore>  called  the  cannoc,  or  cannot- 
iron-stone. 

22.  A  bat,  somewhat  harder  than  No.  20. 

23.  A  dark,  grey,  hard  iron-ore,  called  the  rubble-iron- 
stone. 

24.  The  table-bat,  next  under  the  rubble-iron-stone. 

25.  A  coarse  sort  of  coal,  called  the  foot-coaL 

26.  A  black,  brittle,  shining  bat. 
?7.  The  heathen-coaL 
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-. '  28.  A  substance  like  a  coarse  coal,  but  by  the  miners  called 

ti  bat;  perhaps  because  it  does  not  burn  well. 

-    §9.  The  bench-coal. 

:    30.  A  bat  under  die  last,  and  is  as  low,  viz.  188^  feet,  as 

they  generally  dig,  though  there  is  a  coarse  coal  undet  this. 


Samejkrther  Microscopical  Observations  on  the  Aninudcula 
found  on  Duckrweedy  Sfc.  By  Mr^  Ljeuwenhoek* — [1713.] 
'  The  latter  end  of  July,  and  beginning  of  August,  I  caused 
some  of  those  green  weeds,  commonly  called  duck-weed,  to 
be  taken  out  of  the  water,  that  runs  with  a  gentle  stream 
•through  the  town  (Delft),  for  the  pleasure  of  observing  these 
animiQcBla,  with  others  of  seVeral  sorts,  that  were  fastened  to 
the  duck-weedy  or  ran  about  upon  it.  Among  others,  I  have 
found  some  animalcula,  whose  sheaths,  at  the  extreme  part,  ' 
'Were  a  little  thicker  than  a  head  hair,  and  composed  of  small 
gldbules,  which  were  very  easy  to  be  xlistinguisned. 
'  I  viewed  one  of  these  animalcula  a  good  while  together, 
and  observed  several  times,  one  after  another,  that  wh^n  the 
animalciidum  thrusts  its  body  out  of  the  sheath,- or  case,  and 
that  the  wheel-like  or  indented  particles  moved  in  a  circle,  at 
the  same  time,  out  of  a  dear  and  transparent  place,  a  litde 
round  particle  appeared,  which,  without  nicely  viewing, 
could  hardly  be  perceived;  which  particle  growing  larger, 
moved  with  great  swiftness,  as  it  were,  about  its  own  axis, 
and  continued  without  any  sJteration  in  its  place,  till  the  ani- 
malculum  had  drawn  part  of  its  body  back  into  its  sheath ; 
in  doing  which,  it  placed  the  said  round  particle  on  the  edge 
l)f  its  sheath,  which  thus  became  augmented  with  a  round 
globule:  and  whereas  the  animalculum  had  placed  the  said 
globule  on  the  east  part  of  its  sheath,  another  time  it  fixed  it 
on  the  south  or  north  side ;  by  which  me^s  the  sheath  was 
regularly  increased  on  all  sides. 

Having  further,  and  with  peat  exactness,  viewed  the  cir- 
jculating  indented  wheel-work,  I  observed  that  it  caused  an 
fBxceedingly  great  motion  in  the  water  about  it;  by  which 
ineans  many  very  small  particles,  which  were  only  visible 
through  the  microscope,  were  wafted  to  the  said  animalculum^ 
and  ptl^ers  vere  driven  aw^y^  The  animdculum  made  use  of 
some  of  these  particles,  that  were  thus  drawn  to  it  by  its  cir* 
culating  instrument,  for  food  and  nourishment;  and  other 
particles  that  were  thus  drawn  to  it  were  with  great  nim* 
bleness  driven  away,  and  as  if  rejected  bv  the  animalculum : 
firom  whence  I  inferred,  that  those  particles  which  were  thus 
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tiirust  away,  were  not  proper  for  its  food.  From,  this  dis* 
covery  we  may  conclude,  that  since  this  kind  of  animalcuiuiB 
cannot  move  from  place  to  place  in  the  wat^^  nor  con- 
sequently pursue  its  food,  as  other  creatures  da,  that  are 
endued  with  motion,  being  fastened  by  the  tail  or  other  parts 
of  the  body,  it  must  necessarily  be  provided  with  such  instru- 
ments as  are  fit  to  move  the  water,  and  by  that  means  come 
at  the  particles  floating  in  it,  which  serve  for  tlie  nourishment, 
increase,  and  defence  of  its  body. 

I  likewise  observed  a  very  few  animalcula,  whose  bodies 
were  short  and  thick,  and  much  larger  than  those  other  ani» 
malcula  that  lodged  themselves  in  a  sheail.^  and  were  fastened 
by  their  tail,  or  extreme  parts,  to  the  little  roots  of  the  dude^ 
weed ;  and  though  these  short'  and  thick  animalcula  could 
move  from  place  to  place,  yet  they  also  had  a  circi:dar  motion 
in  the  fore  part  of  their  bodies.  From  whence  I  concluded^ 
that  those  motions  served  some  other  purposes  than  only  to 
draw  their  food  to  diem.  On  furtlier  considering  what 
could  be  the  use  of  these  indented  wheel-works,  which  are  so 
like  the  indented  wheels  of  a  clock,  or  watch,  I  must  own 
that  they  are  very  necessary  to  produce  a  great  motion  m 
the  water;  for,  were  it  a  round  and  smooth  wheel,  tt  would 
cause  but  a  very  Knall  motion ;  whereas  now,  each  tooth  in 
the  said  wheel  or  circle  produces  a  great  motion,  in  compa- 
rison of  what  a  smooth  and  plain  wheel  would  do.  Whence 
ai^ars  the  surprisixig  order  in  the  formation  of  such  small 
-cr^tures,  which  are  not  to  be  perceived  by  the  naked  eye.   • 


Chmeminff  the  Lumin&us  Appearance  obeervahle  in  ike  Wc^ 
cf  Ships  in  the  Indian  Seas,  S^c.    By  Father  Bovs^m* 
When  the  ship  ran  apace,  we  often  observed  a  great  light 
in  the  wake,  or  the  water  that  is  broken  and  divided  by  the 
ship  in  its  passage. 

This  light  was  not  always  equal :  some  days  it  was  very 
little,  others  not  at  all ;  sometimes  brighter,  at  others  &inter  $ 
sometimes  it  was  very  vivid,  and  at  other  times  nothing  was 
to  be  seep.  As  to  its  brightness,  I  could  easily  read  ly  it, 
though  I  was  nine  or  ten  feet  above  it  from  the  surface  of  the 
water ;  that  is,  Ae  title  of  my  book,  which  was  in  large 
letters. 

Not  only  the  wake  of  a  ship  produces  this  light,  but  fishea 
also  in  swimming  leave  behind  Aem  a  luminous  track ;  which 
is  so  bright,  that  one  may  distinguish  the  size  of  the  fish,  and 
know  of  what  species  it  is.    I  have  sometimes  seen  a  great 
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naaxiy  fishes  playing  in  the  sea,  which  have  made  a  kind  of 
artincial  fire  in  the  water,  that  was  a  very  pleasant  sight. 
And  often  only  a  rope,  placed  crosswise,  will  so  break  the 
water,  that  it  will  become  Imninous.  If  one  take  some  water 
out  of  the'  sea,  and  stir  it  ever  so  little  with  his  hand  in  the 
dark,  he  may  see  in  it  an  infinite  number  of  bright  particles. 
Or  if  one  dip  a  piece  of  linen  in  sea-water,  and  twist  or  wrmg 
it  in  a  dark  place,  he  will  see  the  same  thing,  and  if  it  be 
even  half  dry* 

The  production  of  this  light  depends  very  much  on  the 
quality  of  the  water ;  and,  if  I  am  not  deceived,  generally 
speaking,  I  may  assert,  other  circumstances  being  equal,  that 
toe  light  is  largest  when  the  water  is  fattest  and  fullest  of 
foam ;  for  in  t£e  main  sea  the  water  is  not  every  where 
equally  pure;  and  sometimes  linen  dipped  into  the  sea  is 
clammy  when  it  is  drawn  up  againr  And  I  have  often 
observed,  that  when  the  wake  of  the  ship  was  brightest,  the 
water  was  more  fat  and  glutinous ;  and  Imen  moistened  with 
it  produced  a  great  deal  of  light,  if  it  were  stirred  or  moved 
hnslkiy* 

Besides,  in  sailmg  over  some  pldces  of  the  sea,  we  find  a 
matter  or  substance  of  different  colours,  sometimes  red, 
sometimes  yellow.  In  looking  at  it,  one  would  think  it  saw- 
dust ;  our  sailors  say  it  is  die  spawn  or  seed  of  whales. 
What  it  is,  is  not  certain ;  but  when  we  draw  tm  water  in 
passing  over  these  places,  it  is  always  viscous  and  glutinous. 
Our  mariners  also  say,  that  there  are  a  great  many  heaps  or 
imks  of  this  spawn  in  the  north ;  and  that  sometimes  in  the 
night  they  appear  all  over  of  a  bright  light,  without  being  put 
in  motion  by  any  vessel  or  fish  passing  by  them. 

But  to  confirm  further  what  I  say,  viz.  that  the  water,  the 
more  glutinous  it  is,  the  more  it  is  disposed  to  become 
luminous,  I  shall  add  one  particular  which  I  saw  myself. 
One  day  we  took  in  our  ship  a  fish,  which  some  thought  was 
ft  boneta.  The  inside  of  the  mouth  of  the  fish  appeared  in 
4he  night  like  a  burning  coal;  so  that  without  any  other 
light  I  could  read  by  it  the  same  characters  that  I  read  by 
the  light  in  the  wake  of  the  ship.  Its  mouth  being  fiill  of  a 
viscous  humour,  we  rubbed  a  piece  of  wood  with  it,  which 
immediately  became  all  over  luminous ;  but  as  soon  as  the 
moisture  was  dried  up,  the  light  was  extinguished. 
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An  Account  of  a  Woman  who  bad  lain  six  Days  covered  wA 
Snow^  tmmoiit  recewing  any  NowrUhmenlty  ^c.  By  Mr* 
Samuel  BowDicH^  —  [171 S.] 

Joanna  Crippeh,  of  Chardstock,  in  Dorset,  being  a  spitf- 
ner  of  worsted,  was  going  home  on  the  24th  of  Januairy  with 
some  work,  but  snow  falling  abundantly,  and  lying  deep  on^ 
the  ground^  she  was  forced  to  lie  down  under  a  hedge,  having 
lost  one  of  her  shoes  ;  and  her  clothes,  which  were  very  mean, 
were  by  the  brambles  and  thorns  torn  almost  off  her  back : 
in  which  place  she  lay  from  Monday  evening '  about  six 
o'clock,  until  Sunday  following  about  four  in  the  afternoon^ 
and  then  was  discovered  by  some  of  our  neighbours,  t^o 
went  out  with  poles,  shovels,  &c»  to  search  for  her ;  and  after 
some  time  spent  in  it,  at  last  found  her  buried  in  four  feel 
deep  of  snow.  One  of  the  men  thrusting  at  her  with  his 
pole,  found  she  was  there,  and  alive.  I%e  immediately  spokcf, 
and  begged  he  would  not  push  her  too  hard,  for  she  wad 
almost  naked ;  and  desired  that  some  of  the  women  would 
come  to  her,  and  take  her  out,  which  was  accordingly  done ; 
when  they  found  her  without  stockings  or  shoes,  an  ^)ld 
whittle  about  her  shoulders,  with  a  large  hole  in  it,  whiok 
she  had  ate  through ;  thie  snow  melting  down  on  her,  she 
drank  to  quench  her  thirst.  She  had  a  mortification  of  one 
jof  her  great  toes,  l)ut  she  now  is  very  hearty,  and  in  a  ftilr 
.way  of  a  pierfect  recovery.  She  was  very  sensible  at  the  first 
taking  her  out,  and  still  continued  so  ;  and  she  knew  every 
body  perfectly  well :  and  yet  she  had  taken  no  manner  c€ 
fopa  all  the  time  of  her  bemg  in  the  snow. 


An  Account  of  several  extraordinan^  MeUors  or  lAghis  in  the 
Shy.    By  Dr,  Edmund  Halley,. —  [1714?.]        n 

The  theory  of  the  air  seems  now  to  be  perfecdy  well^  un- 
derstood, and  its  differen^densities  at  adl  altitudes,  both  by 
reason  and  experiment,  are  sufficiently  defined ;  for,  supposili^ 
the  same  air  to  occupy  spaces  reciprocally  proportional**  to 
the  quantity  of  the  superior  or  incumbent  air,  I  have  ete^i 
where  proved,  that  at  40  miles  high  the  air  is  rarer  thaitf  ftt 
the  surface  of  the  earth  about  3000  times;  and  that  tfei 
utmost  height  of' the  atmosphere,  which  reflects  light  ih^^^ 
crepusculum,  is  not  fully  45  miles.  '' 

That  meteor  which  was  seen  in  1708,  on  the  3l8t?of  Jidy, 
between  9  and  lb  o'clock  at  night,  was  evidently  betweeti  40 
and  50  miles  perpendicularly  high,  and  as  near  as  I  eaxx  g4th0rs 
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&fer  Sheerness  and  the  buoy  on  the  Nore.  It  appeared  tof 
move  with  an  amazing  velocity,  darting,  in  a  very  few  seconds 
ef.  time, -for  about  twelve  degrees  of  a  great  circle  from  north 
to  south,  being  very  bright  at  its  first  appearance,  and  it  died 
away  at  the  end  of  its  course,  leaving  for  some  time  a  palc» 
whiteness  in  the  place,  with  some  remains  of  it  in  the  track 
where  it  had  gone;  but  no  hissing  sound,  as  it  passed,  or  ex- 
plosion were  heard. 

:  Like  to  tliis,  but  much  more  considerable,  was  that  famous 
m^;eor  which  was  seen  to  pass  over  Italy  on  the  21st  oil 
IMarch  O.S.  anno  X676,.jtbout  an  hour  and  three  quarteni 
after  sunset,  which  happened  to  be  observed,  and  was  well 
considered,  by  the  famous  professor  of  mathematics  in  Bo* 
nonia,  Gemmian  Montanari,  as  may  be  seen  in  his  Italia^ 
lEreatise  about  it,  soon  after  published  at  Bononia,  He  ob* 
sersres.  that  at  JBononia  its  greatest. altitude  in  the  S.S.E.  was 
S8  degrees,  and  at  Sienna  58  to  the  N.N.W.:  that  its  course, 
by  the  concurrence  of  all  the  observers,  was  from  E.N.E.  to 
W.S.W.:  that  it  came  over  the  Adriatic  Sea  as  from  Dalmatia: 
that  it  crossed  over  aU  Itsily,  being  nearly  vertical  to  Rimini 
and  Savigniano^dn  thCiOn^  side,  and  to  Leghorn  on  the  other : 
that  its  perpendicular  altitude  was  at  least  38  miles:  that  in 
all  places  i^ear  this  course,  it  was  heard  to  make  a  hissing 
noise  as  it  passed,  like  that  of  artificial  fire-works :  that  hav- 
ing, passed  over  Leghorn,  it  went  o£P  to  sea  towards  Corsica  j 
and,  lasdy,  that  ^t  Leghorn  it  was  heard  to  give  a  veiy  loud 
report  like  a  great  cannon ;  immediately  after  which,  another 
sort  of  sound  was  heard,  like  the  rattling  of  a  great  cart  run* 
ning  over  stones.  He  concludes,  from  the  apparent  velocity 
\t  went  with  at  Bononia,  at  above  50  miles  distance,  that  it 
could  not  be  less  swift  than  1^  miles  in  a  minute  of  time^ 
irhich  is  above  ten  times  as  swift  as  the  diurnal  rotation  of 
tlie  earth  under  the  equinoctial,  and  not  many  times  less  than 
thait  with  which. the  annual  motion  of  the  earth  about  the  sun 
is.  performed.  .  To  this  he  adds  its  Qsagnitude,  which  appeared 
at  Bononia  larger  than  the  mbonfin  one.diameter,  and  above 
half  as  large  again  in  the  other ;  whicb^  with  the  given  dis- 
tance of  the  eye,  makes  its  real  less  diameter  above  half  a 
9iile,  and  the  other  in  proportion.  This  supposed,  it  cannot 
be  wondered  that  so  great  a  body  moving  with  such  an 
amazing  yelpcity  through  the  air,  though  so  much  rarefied  as 
it  is  in  its  upper  regions,  should  occasion  so  loud  a  hissing 
noise»  qs  to  be  neard  at  such  a  distance  as  it  seems  this  was. 
,  1  have  much  considered  this  Appearance,  and  think  it  one 
pf  the  hardest  things  to  account  for  that  I  have  yet  met  with 
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in  the  phenomena  of  meteor^  and  am  induced  to  think  tiwt 
it  must  be  some  collection  of  matter  fonned  in  the  ether,  as 
it  were  by  some  fortuitous  concourse  of  atoms,  and  that  the 
earth  met  with  it  as  it  passed  along  in  its  orb.  For  its  di^ 
rection  was  exactly  opposite  to  that  of  the  earth,  which  made 
an  angle  with  the  meridian  at  that  time  (the  son  being  in 
about  1 1  degrees  of  Aries)  of  67^  that  is,  its  course  was  from 
W.  S. W.  to  E.N.E.,  so  that^  the  meteor  seemed  to  move  tiie 
contrary  way.  And  besides,  felling  into  the  power  of  the 
earth's  gravity,  and  losmg  its  motion  from  the  opposition  of 
t^e  medium,  it  seems  that  it  descended  towards  the  earthy 
and  was  extinguished  in  the  T^rhene  Sea,  to  the  W.S.W.  of 
Leghorn.  The  great  report  being  heard  on  its  first  immersioa' 
ifito  the  water,  and  the  rattling,  like  the  driving  a  cart  over 
stohes,  being  what  succeeded  on  its  quenching ;  something 
like  which  is  always  observed  on  quenching  a  very  hot  iroa* 
it  water. 


On  his  own  Philosophy.  By  Sir  Isaac  Newton*  —  [1714^3 
The  philosophy  which  Mr.  Newton,  in  his  Principles  onii^ 
Cities,  has  pursued,  is  experimental ;  and  it  is  not  the  bo^ 
siness  of  experimental  philosophy  to  teach  the  causes  of  thi^ky' 
any  further  than  they  can  be  proved  b^  experiments.  We^ 
are  not  to  fill  this  philosophy  with  opimons  which  cannot  bv 
proved  by  phenomena.  In  this  philosophy,  hypotheses  haW^ 
no  place,  unless  as  conjectures  or  questions  proposed  totsi^ 
examined  by  experiments.  For  this  reason,  Mr.  Newton 'in 
his  Optics  distinguished  those  things  which  were  made  certur 
by  experiments,  irom  those  things  which  remained  uncertaiftf 
piA  which  he  therefore  proposed  in  the  end  of  his  Optics  kk 
the  form  of  queries.  For  tiiiis  reason,  in  the  pre&ce  to  hiir 
Principles,  when  he  had  mentioned  the  motions  of  the  planets^ 
comets,  moon,  and  sea,  as  deduced  in  this  book  firom  gravity^ 
he  added,  *<  I  wish  the  other  phenomena  of  nature  could  iff 
tibe  same  way  of  reasoning  be  deduced  from  medianioal  prm*. 
dples ;  for  several  thmgs  induce  me  to  believe,  that  all  thes^ 
things  may  depend  upon  certain  forces,  by  whidi  thepertietev 
of  bodies  are,  by  causes  still  unknown  to  us,  either  mutually 
impelled  towards  each  other,  and  cohere  together  according 
to  certain  regular  configurations,  or  mutually  recede  firom 
each  other;  and  for  want  of  knowing  these  forces philosopliert 
have  hitherto  attempted  to  no  purpose  to  explain  nature/* 
And  in  the  end  of  this  bodk,  in  the  second  edition,  he  said, 
that  for  want  of  a  suffici^t  number  of  experiments,  he  forbore 


KBimW'A   AOOQWTOV  HIS  OWJK  FHI{.OSt>PHY.      229 

tp  de«enbe  the  kiws  oi  thenctioos  of  the  spirit  or  i^nt  by 
which  this  aHraction  is  performed.  And  for  the  same  reason 
he  is  silent  about  the  cause  of  gravity,  there  occurring  no  ex- 
pe^ijn^ents  or  phenomena  by  which  he  might  prove  what  was 
tiie  cuose  of  it.  And  this  he  has  abundantly  declared  in  his 
Pk'inciples^  near  the  beginning,  in  these  words,  <<  I  do  not 
enquire  into  the  physical  causes  and  seats  of  forces." 

And  ft  little  after,  <<  I  indifferently  and  promiscuously  use 
for  each  other  tlie  words  attraction,  impulse,  or  any  kmd  of 
prqpensMm  towards  the  centre,  by  considering  these  force* 
not  physically  but  mathematically.  M^nce  I  would  caution 
tlie  reader  not  to  thbk,  that  by  diese  words  I  define  the  spe* 
oiea  or  manner  of  the  action,  or-  the  physical  cause  or  reason ; 
or  that  I  truly  and  physically  ascribe  forces  to  centres,  which 
are  oviy  mathematical  points,  if  I  should  happen  to  say,  thai 
eUber  the  centres  ittiract,  or  that  Ikere  are  central farcear  And 
at  the  end  of  his  Optics,  ^<  Here  I  do  not  enquire  by  what 
efficient  cause  these!  qualities,  viz.  gravity,  the  magnetic  and 
ctectrical  forces,  are  produced*    What  I  call  attraction  may 

Cibly  be  produced  b^  impulse,  or  in  some  other  manner  un* 
vn  to  us.  By  attraction,  I  would  here  be  understood  to  mean 
only  in  general,  a  certain  hind  offaree^  %idkerdy  bodiee  mutually 
tmd  towarde  each  ather^  wheUever  caute  that-quoMty  may  he  as^ 
tsribed  to.  For  we  must  first  necessarily  know  by  phenomena  of 
nature  what  bodies  mutually  attract  each  other,  and  what  are 
tjne.lawib  .and  properties  of  &at  attraction,  before  we  can  pro* 
parly  enquire  by  what  efficient  cause  that  attraction  is  pro'^ 
auoed."  And  a  little  after  he  nientions  the  same  attractions 
aatibroes  which  by  phenomena  appear  to  have  a  being  in  na* 
^e«  though  their  causes  be  not  yet  known ;  and  distinguishes 
titem  firom  occult  qualities,  which  are  supposed  to  flow  firom 
Ae  specific  forms  of  things.  And  in  the  scholium  at  the  end 
of.  hia  Principles,  after  he  had  mentioned  the  properties  of 
gtavity^  he  added,  '<  But  the  reason  of  these  properties  of 
mk^y  I  could  not  deduce  from  phenomena,  and  I  do  not 
devise  hypotheses.  For  whatever  is  not  deduced  from  phe« 
Hsmene  is  to  be  called  an  hypothesis;  imd  hypotheses, 
whether  metaphysical  or  physical,  or  of  occult  or  mechanical 
qikaHdea^  have  no  place  in  experimental  philosophy.  It  is 
sufficient  that  gravity  really  exists,  and  acts  according  to  the 
kws  I  have  explained,  and  that  it  solves  all  the  motions  of 
the  celestial  bodies  aikl  of  our  sea."  And  after  all  this,  one 
noald  wonder  that  Mr.  Newton  should  be  reflected  on,  for 
ni4>e3{|iiaining  the  causes  of  gravity,  and  other  attractions  by 
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hypotheses ;  as  if  it  were  a  crimer  to  content  himself' <«rHli 
certainties,  and  let  uncertainties  alone*  '    >  *• 


An  Account  rf  a  Joumey  from  the  Part  of  QtaJtaioay  i^  Ae 
Isl<md  (f  Teneriff^Cy  to  &e  Top  <f  the  Peak  in  that  Isl^^ 
AugiLSti  1715;  with  Observations,    By  Mr.  J.EDBNSm 

Between  La  Stancha  and  the  top  of  the  Peak  there  are  tw« 
very  high  mountains  besides  the  Sugar-loaf,  each  oii  which 
mountains  is  almost  half  a  mile's  walking^s  on  the  first  4rif 
them  the  rubbish  is  small,  and  we  were  apt  to  slip  back  as^we 
stepped  upwards.  But  the  uppermost  is  aU  composed  of  hard 
loose  rocky  great  stones,  cast  together  in  a  very  confused 
order.  After  resting  several  times,  we  came  to  the  top 
of  the  first  mountain,  where  we  drank  every  one  a  litde 
wine,  and  ate  a  bit  of  gingerbread.  .  Then,  bemg  pretty  well 
refreshed,  we  set  forwards  again  to  ascend  die  second 
mountain,  which  is  higher  than  the  first,  but  is  better  to  walk 
on,  because  of  the  firmness  of  the  rocks.  Aft^  we  had  tm» 
veiled  for  about  half  an  hour  up  the  second  mountain,  we 
came  within  sight  of  the  Sugar-loaf,  which  before  we  could 
not  see  by  reason  of  the  interposition  of  these  great  hills. 
After  we  were  arrived  to  the  top  of  this  second  mountain,  we 
came  to  a  way  that  was  almost  level,  but  rather  ascending ; 
and  about  a  furlong  farther  is  the  foot  of  the  Sugar-loaf,  which: 
we  soon  reached.  Then  looking  upon  our  watches,  we  found  it 
to  be  just  three  o'clock.  The  night  was  clear  where  we  wero 
and  the  moon  shone  very  bright ;  but  below,  over  the  sea,  we 
could  see  the  clouds,  which  looked  like  a  valley  at  a  prodi-^ 
gious  depth  below  us.  We  had  a  brisk  air,  the  wind  being 
&  £.  by  S.,  as  it  was  for  the  most  part  while  we  were  on  our 
journey. 

While  we  sat  at  the  foot  of  the  Sugar-loaf,  resting  and  re* 
freshing  ourselves,  as  before  in  other  places,  we  saw  the 
smoke  break  out  in  several  places,  which  at  first  looked  like 
little  clouds,  but  they  soon  vanished ;  others  not  long  after 
succeeding  them,  from  the  same  or  other  places.  We  set 
forwards  to  ascend  the  last  and  steepest  part  of  our  journey, 
viz.  the  Sugar-loaf,  exactly  at  half  past  three,  and  after  we 
had  rested  twice  or  thrice,  we  all  arrived  there  by  four. 

The  shape  of  the  top  of  the  Peak  is  partly  oval,  the  longest 
diameter  lying  N.N.W.  and  S.S.E.,  and  is,  as  near  as  I  could 
guess,  about  140  yards  long ;  the  breadth  the  other  way 
being  about  1 10.  Within^  the  top  of  the  Peak  is  a  venr  deep 
bole,  called  the  Caldera,  or  Kettle,  the  deepest  part  of  which 
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fies  at  ike  south' end:  it  is,  I  believe,  40  yards  deep,  reckoning 
from  the  highest  side  of  the  Peak;  but  it  is  much  shallower 
reckoning  from  the  side  opposite  to  Garachica.  The  sides  of 
this  kettle  are  yeiy  steep,  in  some  places  as  steep  as  the 
descent  on  the  outside  of  the  Sugar-loaf.  We  all  went  to  the 
bottom  of  this  kettle,  where  a  great  many  very  large  stones 
lie,  some  of  them  above  six  feet  in  height.  The  earth  that  is 
witbin-*side  the  kettle  being  rolled  up  lonff  and  put  to  a 
eandle,  will  bum  like  brimstone.  Several  p&ces  within-«ide 
tfie  top  of  the  Peak  are  burning,  as  on  the  outside  ;  and  iii 
some  places,  on  tinrnin^  up  the  stones,  is  found  very  fine 
brimistone'  or  sulphur  sticking  to  them.  At  the  holes  where 
ttie  smc^e  comes  out,  there  also  comes  forth  a  great  heat,  so 
hot  that  one  cannot  endure  one's  hand  there  long.  At  the 
N.  by  £.  side,  within  the  top,  is  a  cave,  where  we  found  a 
dead  goat;  in  which  cave  sometimes  the  true  spirit  of  sulphur^ 
distils,  as  they  say,  but  it  did  not  drop  while  I  was  there. 

The  report  is  fklse  about  the  difficulty  of  breathing  upoii 
the  top  of  this  place;  for  we  breathed  as  well  as  if  we  had 
beto  below :  we  ate  our  breakfast  there,  and  I  was  there  in 
aB  for  about  two  hours  and  a  quarter.  Before  the  sun  rose  I 
think  the^  air  was  as  cold  as  I  have  known  it  in  England,  in 
the  sharpest  frost  I  was  ever  in :  I  could  scarcely  endure  my 
gloves  off.  There  was  a  great  dew  all  the  while  we  were 
there  tilf  i^un-rising,  which  we  could  find  by  the  wetness  of 
c^  6!otlies ;  but  the  sky  looked  there  as  clear  as  possible. 
A*"  little  afler  sun-rising  we  saw  the  shadow  of  the  Peak  on 
the  sea,  reaching  over  tihe  island  of  Gomera;  and  the  shadow 
of  the  upper  part,  viz.  of  the  Sugar-loaf,  we  saw  imprinted  like 
another  peak  in  the  sky  itself,  which  lodked  very  surprising  t 
but  the  air'  being  clouc^  below  us,  we  saw  none  of  the  other 
islands,  except  Grand  Canaria  and  Gomera. 


A-tko94  Htstory  cf  Ae  Beoercd  New  Stars'  thai  htwe  appeared 
'  wUhin  these  150  Years.    By  Dr.  Halley.  —  [1715.] 

'  Whether  it  be  owing  to  the  greater  diligence  of  the 
moderns,  or  that  in  reality  no  such  thing  has  happened  for 
many  ages  past,  I  will  not  undertake  to  determine  ;  bat  this 
is  certain,  that  within  the  space  of  the  last  150  years  more 
discovepes'have  been  made  of  changes  among  the  fixed  stars 
than  hi  alt  antiquity  before. 

Ist.  That  in  the  chair  of  Cassiopeia  was  not  seen  by  Cor- 
nefius  Gemma  on  the  8th  of  November,  157^,  who  says,  he 
that  night  considered  that  part  of  heaven  in  a  Tery  serene 
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fkj^,  and  saw  it  liot :  but  that  t^e  next  liig^ty  Novenhbe^  9;» 
it  appeared  with  a  splendour  surpassing  all  the  fixed  star^  and 
scarcely  less  bright  than  Venus.  This  was  not  seen  by 
Tycho  Brahe  before  the  11th  of  the  same  month,  but  from 
thence  h$  assures  us  that  it  gradually  decreased  and  di«d 
away,  so  as  in  March,  1574,  after  16  months,  to  be  no  kmgtir 
visible ;  and  at  this  day  no  signs  of  it  remain. 

Such  another  star  was  seen  and  observed  by  the  scholars 
of  Kepler,  to  begin  to  appear  on  Sept.  3(X,  O.S.  IGO^,  which 
was  not  to  be  seen  the  day  before  :  but  it  broke  out  at  once 
with  a  lustre  surpassing  that  of  Jupiter ;  and  like  the  fonnei^ 
it  died  away  gradually,  and  in  much  about  the  same  time 
disappeared  totally,  there  remaining  no  traces  of  it  in  Jan, 
1605-6. 

But  between  them,  viz.  in  the  year  1596,  we  have  the  first 
account  of  the  wonderful  star  in  coUo  ceti,  seen  by  David 
Fabricius  on  the  third  of  August,  O.  S.,  as  bright  as  a  star  of 
the  diird  magnitude,  which  has  been  since  found  to  appear 
and  disappear  periodically;  its  period  being  nearly  seven 
revolutions  in  six  years,  though  it  returns  not  always  with 
the  same  lustre.  Nor  ^g  it  ever  totally  extinguished,  but 
may  at  all  times  be  seen  with  a  six-foot  tube. 

Another  new  star  was  first  observed  by  Will.  JanscHiiuSy 
in  the  year  1600,  in  pectore,  or  rather  m  eductione  colli 
cygni,  which  exceeded  not  the  third  magnitude.  This  having 
continued  some  years,  became  at  length  so  small,  as  to  be 
thought  by  some  to  disappear  entirely:  but  in  the  years 
1657,  1658,  and  1659,  it  again  rose  to  the  third  magnitude, 
though  soon  after  it  decayed  by  degrees  to  the  fifth  or  inxth 
magnitude,  and  at  this  day  is  to  be  seen  as  such. 

A  fifth  new  star  was  first  seen  and  observed  by  Hevelius,  in 
the  year  1670,  on  July  15. 0.S.,  as  a  star  of  the  third  magnitude ; 
but  by  the  beginning  of  October  it  was  hardly  to  be  perceived 
by  the  naked  eye.  In  April  following  it  was  agam  as  bright 
as  before,  or  rather  greater  than  of  the  third  magnitude,  yet 
wholly  disappeared  ^out  the  middle  of  August.  The  next 
year,  in  March,  1672,  it  was  seen  again,  but  not  exceeding 
the  sixth  magnitude :  since  then,  it  has  been  no  further 
visible. 

The  sixth  and  last,  is  that  discovered  by  Mr.  G.  Kirch,  in 
the  year  1686,  and  its  period  determined  to  be  of  404?J  days ; 
and  though  it  rarely  exceeds  the  fifth  mc^itude,  yet  is  it 
very  regular  in  its  returns,  as  we  found  in  the  year  1714'. 
Since  then,  we  have  watched,  as  the  absence  of  the  moon 
and  the  clearness  of  weather  would  perndt^^  ^^^ijerve  the 


ftnt  begizmii^  of  its  appearance  in  a  six<-f6ot  tuiie^  whkk 
|;»earing  a  Yexy  great  aperture  discovers  most  minute  starg. 
And  on  June  15.  last,  it  was  first  perceived  like  one  of  the 
very  least  telescopicai  stars :  but  in  the  rest  of  that  month 
fuod  July  it  gradually  increased,  so  as  to  become  in  August 
iqaible  .to  the  naked  eye ;  atid  so  it  continued  all  the  month 
of  September.  Af^r  tliat  it  again  died  away  by  degreei^ 
and  on  the  eighth  of  December  at  night  it  was  scarcelv 
discernible  by  the  tube»  and  as  near  as  could  be  guesseo, 
equ^  to  what  it  was  at  its  first  appearance  on  June  15th : 
so  that  this  year  it  has  been  seen  in  all  near  six  months^ 
whicli  is  but  little  less  than  half  its  period :  and  the  middle, 
doadf  consequendy,  the  greatest  Inrightness,  &U8  about  the 
ibth  of  Septemberr 


An  Account  of  some  large  Teeth  lately  dug  up  in  the  North  qf 
Ireland.    By  Mr.  Francis  Nsfile.  —  [1715.] 

Sevsbax*  large  teeth  were  lately  £>und  within  eight  miles  of 
Bulturbety  at  a  place  called  Maghery,  in  part  c^  the  Bishop 
pf  Killmore'slandsy  on  diggbg  the  foundation  for  a  mill  near 
the  side  of  a  small  brool^  that  parts  the  counties  of  Ca^aa 
and  Monoghan. 

There  are  in  all  four  teeth,  two  of  a  larger  and  two  of  a 
smialler  sort ;  the  larger  one  is  the  £uthest  tooth  in  the  under 
jaw ;  the  other  is  like  it,  and  belongs  to  the  opposite  side ; 
the  lesser  tooth  I  take  to  be  the  third  or  fourth  tooth  from  h, 
and  has  its  fellow :  these  iare  all  that  were  found,  and  one  of 
them  in  a  piece  of  the  jaw-bone,  which  mouldered  away  as 
soon  as  taken  out  of  the  earth ;  there  was  part  ci  the  sVuII 
found  also  of  a  very  large  size  and  thidmess,  Imt  as  soon 
as  exposed  to  the  air,  it  mouldered  away  as  the  jaw  had 
done. 

Some  few  pieces  of  other  bones  were  found,  but  nooe 
e&tire ;  yet  by  those  bits  that  were  found,  one  might  guess 
that  they  were  parts  of  those  that  were  of  a  linger  si^.  . 

The  place  where  this  monster  lay  was  about  four  feet  under 
ground,  \^th  a  little  rismg  above,  the  superficies  of  the  earth, 
which  was  a  plain  under  the  foot  of  a  hill,  and  about  SO  yards 
from  the  bcook.  The  bed  on  which  it  lay  had  been  laid  with 
t&cn^  with  that  sort  of  rushes  here  called  sprits,  and  with 
bulges  intermixed,  and  nut^shells.  The  branches  of  the  fiem, 
in  every  lay  as  we  opened  them,  were  very  distinguishable, 
as  were  the  seeds  of  the  rashes  and  the  tops  of  boughs. 

The  two  laige  teeth  are  of  equal  weight,  2}  lb.  each ;  the 
X.  6 
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M6  tmaft  teetJi  an  mx  •uBoes  each'?  tntfc'Manof^tbetiicdk 
W9Sted»-and  some  rodts  that  enter  the  jmw  broken  off.'  -  ^*u 
'  r^' Having  examined  the  four  teeth^^  I  am  fully  oanvinoed,  aad 
c^  on  sure  groonds  aifinn,  that  they  muBt-  certainly  lute 
been  the  four  grinding  teeth  in  the  lower  jaw  of  an  elephant  t 
andthat  the  many  hme  fiagments  of  bones  that  wierefoimd 
with  them^  must  Imve  been  remains  of  the  same  animaL 


Same  Microscopical  Observations  on  the  Substance  ofaMdovu 
•  By  M*  Leuwenhobk, — 1£1716.]  ^' 
Having  kept  a  cut  melon  foiu"JUt)r8,  i  found  sereral  spots 
of  nM>aldine8S  on  the.  fleshy  or  pul^y  part  of.tbe  fruity 
somewhat  green  towards  the  rind;  and  of  a  paler  colomr 
towards  the  middle  of  the  fruit.  •  These  spots  grew  larger 
ereiv  hour  for  the  space  of  iiye  days ;  at  which  time  the 
whole  fruit  was  quite  covered  over.  This  surprising 
vegetation  made  me  curious  to  examine  if  there  was  i 
any  difference  between  those  parts  which  were  green  ^ 
and  the  others,  besides  their  coloiur.  Hie  first,  being 
seen  with  the  microscope,  appeared  to  be  a  fangus, 
whose  cap  was  filled  with  little  seeds,  to  the  number 
of  about  500;  which  shed  themselves  in  two  minutes 
after  they  had  been  in  the  gtesses.  > 

\  The  other  sort  had  many  grasstlike  leaves,  among  which 
appeared  some  stalks  with,  fruit  on  their  top.  Each 
plant  might  well  enough  be  compared  to  a  sort  of 
bull-rush.  They  liad  their  seed  in  great  quantities, 
^  which  I  believe  were  not  longer  tlum  three  hours 
before  they  began  to  vegetate ;  and  it  was  about  six 
hours  more  before  the  juants  were  wholly  perfected: 
for,  about  seven  o'clock  one  mominff,  I  found  three 
plants  at  some  distance  from  any  others ;  and  about  four  the 
same  day,  I  could  discern  above  500  more  growing  in  a  clus- 
ter with  them,  which  I  supposed  were  seedling-plimts  of  that 
day.  The  seed  of  all  these  were  then  ripe  and  filling. 
•  when  the  whole  fruit  had  been  thus  covered  witb  mould 
for-  six  days,  this  vegetable  quality  began  to  abate,  and  was 
entirely  gdne  in  two  days  more.  Then  was  the  fruit  putre- 
fied}  and  its  fleshy  parts  now  yielded  no  more  than  a  stmking 
water,  which  began  to  have  a  gentle  motion  on  its  surfince, 
that  continued  for  two  days  without  any  other  i^peacance. 
I  found  then  several  small  maggots  to  move  in  j^t  '  ^ 
it,  which  grew  for  the  space  of  six  days ;  after  ^^JQJ^  -^t- 
which  they  laid  themselves  up  in  their  bags.  ^qqX^^^ 
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SKnsilktoyreiMHOied  for  tiro  dm  ouHre  without  mc^idii,  aad 
ti^n  came  Ibith  in  ike  shape  of  flies.  *  The  water  at 
tfast  tine  wtts  all  gone,  and  there  remained  no  more 
ai  the  Kihiit  than  the  seeds,  the  vessels  which  com- 
poaed  the  tunics  of  the  ovaries,  the  outward  rind,  and  the 
excrement  of  the  maggots ;  all  which  together  weighed  about 
an  ounoew^  So  that  ^ere  was  lost  of  the  first  weight  of  the 
frait  when  it  was  cut  above  20  ounces. 


7%e  An  of  Living  under  Water,   By  Edm*  Halley.  LL.D.> 

,  Secretary  to  tht  Bayal  Society.  —  [1716.] 
V  The  divers  for  sponges  in  the  Archipelago  help  themselves, 
b^  carrying  down  sponges  dipped  in  oil  in  their  mouths :  but 
considering  how  small  a  quantity  of  air  can  be  supposed  to 
be  contained  in  the  pores  or  interstices  of  a  sponge,  and  how 
nkuch  that  little  will  be  contracted  by  the  jHressure  of  the 
incumbent  water,  it  cannot  be  believed  that  a  supply  obtained ' 
by  this  means  can  long  support  a  diver :  since  by  experiment  ^ 
it  Is  found  that  a  g^on  of  air,  included  in  a  bladder  and 
by  a  pipe,  reciprocally  inroired  and  expired  by  the  lungs  of 
amayiy  wUl  become  unfit  ror  any  further  respiration,  in  litde 
more  than  one  minute  of  time  ;  and  though  its  elasticity  be 
l^t  little  altered,  yet  in  passing  the  lungs,  it  loses  its  vivi- 
fying spirit^  and  is  rendered  e&te,  not  unlike  the  medium 
found  m  damps,  which  is  present  death  to  those  that  breathe 
it ;  and  which  in  an  instant  extinguishes  the  brightest  flame, 
or  the  shining  of  glowing  coals  or  red-hot  iron,  if  put  into  it. 
'  When,  therefore,  there  has  been  occasion  to  continue  long 
at  the  bottom,  some  have  contrived  double  flexible  pipes,  to 
circulate  air  down  into  a  cavity  inclosing  the  diver  as  with 
armour,  to  bear  off  this  pressure  of  the  water,  and  to  give 
leave  to  his  breast  to  dilate  on  inspiration :  the  fresh  air 
being  forced  down  by  one  of  the  pipes  with  bellows  or  other- 
wise, and  returning  by  the  other ;  not  unlike  an  artery  and 
vein.  This  has  indeed  been  found  sufficient  for  small  depths^ 
not  exceeding  12  or  15  feet :  but  when  the  depth  surpasses 
three  fathoms,  experience  teaches  us  that  this  method  is 
-  impracticable. 

'  To  remedy  these  inconveniences,  the  diving-bell  was  next 
thought  of;  in  which  the  diver  is  safely  conveyed  to  any 
reasonable  depth,  ^id  may  stay  more  or  less  time  under 
water  according  as  the  bell  is  of  greater  or  less  capacity.. 
1  his  is  mqiit  conveniently  made  in  form  of  a  truncated  cone, 
ttke  smaller  basis  being  closed,  and  the  larger  open ;  and 
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miiJtUfto  be  60  poised  with  lead,  and  no  suspended,  that  the 
▼epsel  hh^  sink  full  of  air,  with  its  greater  or  open  basis 
di9wnvards>  and  as  near  as  may  be  in  a  situation  parallel  to 
tile  horizon,  *8o  as  to  cbse  with  the  8ur£su;e  of  the  water  aU 
al  4>noe. .  Under  this  receptacle  the  diver  sitting,  sinks  down 
tt^f^er  with  the  included  air  to  the  depth  desired ;  and  if 
Iba  cavity  of  the  vessel  will  contain  a  tun  of  water,. a  single 
man  may  remain  in  it  at  least  an  hour,  without  mudi  iacoo-. 
venience,  at  five  or  six  fathoms  deep. 

Being  engaged  in  an  a£Pair  that  required  the  skill  of  con- 
tinuing under  water,  I  found  it  necessary  to  obviate  tliese 
difficulties,  which  attehd  the  use  of  the  common  diving-bell, 
by  inventing  some  means  to  convey  air  down  to  it,  while 
below;  by  which  not  only  the  included  air  would  be  refreshed 
and  recruited,  but  also  the  water  wholly  driven  out,  in  what- 
ever  depth  it  was.  This  I  effected  by  a  contrivance  so  easy* 
that  it  may  be  wondered  it  should  not  have  been  thought 
«f  so^ier,  and  capable  of  furnishing  air  at  the  bottom  of  the 
sea  in  any  quantity  desired.  The  description  of  my  appa- 
ratus isr  as  follows :  — 

The  bell  I  used  was  of  wood,  containing  about  60  cubic 
feet  in,  its  concavity,  and  was  of  the  form  of  a  truncated 
cone,  the  top  diameter  three  feet,  and  the  bottom  five. 
This  I  coated  with  lead  so  heavy  that  it  would  smk  empty, 
and  I  distributed  the  weight  so  about  its  bottom,  that  it 
would  go  down  only  in  a  perpendicular  situation.  In  the 
top  I  fixed  a  strong  clear  glass,'  as  a  window  to  let  in  the 
li^t  from  above;  and  likewise  a  cock  to  let  out  the  hot 
air  that  had  been  breathed ;  and  below,  about  a  yard  under 
the  bell,  I  placed  a  stage  which  hung  by  three  ropes,  each 
of  which  was  charged  with  about  a  hunted  weight,  to  keep^ 
it  steady.  This  machbe  I  suspended  from  the  mast  of  a 
ship,  by  a  sprit,  which  was  sufficiently  secured  by  stays  to 
the  mast-head,  and  was  directed  by  braces  to  carry  it  over*- 
board  clear  of  the  ship-side,  and  to  bring  it  again  within- 
board  as  occasion  required. 

To  supply  air  to  this  bell,  when  under  water,  I  caused  a 
couple  of  barrels,  of  about  36  gallons  each,  to  be  cased  with 
leao,  so  as  to  sink  empty ;  each  having  a  bung-hole  in  its 
lowest  part  to  let  in  the  water,  as  the  air  in  them  condensed 
on  their  descent ;  and  to  let  it  out  again,  when  they  were 
drawn  up  full  from  below.  And  to  a  hole  in  the  upper  part 
of  these  barrels  I  fixed  a  leather  trunk  or  hose,  well  liquored 
with  bees'  wax  and  oil,  and  long  enough  to  fall  below  the 
bung-hole,  being  kept  down  by  an  appended^  weight ;  so 
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tiHU^  the  air  in  the  upper  part  of  the  barrels  eotfld  not  euewpo, 
Unless  the  lower  ends  of  these  hoi^e  were  first  hfted  up. 

The  air^barrels  being  thus  prepared,  I  fitted  them  with 
fiaekle  proper  to  make  them  rise  and  fall  alternately,  after  the 
mamter  of  two  buckets  in  a  well ;  which  was  done  -wilii  so 
much  ease,  that  two  men,  with  less  than  haif  their  streii^th^ 
could  perform  all  the  labour  required ;  and  in  their  descent 
they  were  directed  by  lines  fastened  to  the  under  edge  of 
die  bell,  which  passed  through  rings  placed  on  both  sides  of 
the  leather  hose  in  each  barrel ;  so  that  sliding  down  by  those 
lines,  they  came  readily  to  the  hand  of  a  man,  who  stood  on 
the  stage  on  purpose  to  receive  them,  and  to  take  up  the 
ends  of  the  hose  into  the  bell.  Through  these  hose,  as  soon 
as  their  ends  came  above  the  surface  of  the  water  in  the 
barrels,  all  the  air  that  was  included  in  the  upper  parts  of 
them  was  blown  with  great  force  into  the  bell,  while  the 
water  entered  at  the  bung-holes  below,  and  filled  tliem* :  and 
ad  soon  as  the  air  of  the  one  barrel"  had  been  thus  received, 
on  a  signal  given,  that  was  drawn  up,  and  at  the  same  time 
the  other  descended ;  and  by  an  alternate  succession  -  fbr- 
nished  air  so  quick,  and  in  so  great  plenty,  that  I  mylself  havd 
been  one  of  five  who  have  been  together  at  the  bottofii 
in  nine  or  ten  fathoms  water,  for  above  an  hour  and  a 
half  at  a  time,  without  any  sort  of  ill  consequence ;  and  I 
might  have  continued  there  as  long  as  I  pleased,  for  any 
thing  that  appeared  to  the  contrary.  Besides,  tlie  who^ 
cavity  of  the  bell  was  kept  entirely  free  from  water,  so  that 
I  sat  on  a  bench,  which  was  diametrically  placed  near 
the  bottom,  wholly  dressed  with  all  my  clotlies  on.  I  only 
observed,  tliat  it  was  necessary  to  be  let  down  gradually 
at  first,  as  about  12  feet  at  a  time ;  and  then  to  stop  and 
drive  out  the  water  that  entered,  by  receiving  three  or  four 
barrels  of  fresh  air,  before  I  descended  further.  But  being 
arrived  at  die  depth  designed,  I  then  let  out  as  much  of 
the  hot  air,  that  had  been  breatlied,  as  each  barrel  would 
replenish  with  cool,  by  means  of  the  cock  at  die  top  of  the 
bell;  through  whose  aperture,  though  very  small,  the  air 
would  rush  with  so  much  violence,  as  to  make  the  surface  of 
the  sea  boil,  and  cover  it  with  a  white  foam,  notwithstanding 
the  great  weight  of  water  over  us. 

Thus  I  found  I  could  do  any  thing  that  was  required  to  be 
(lone  just  under  us ;  and  that,  by  talong  off  the  stage,  I  could, 
for  a  space  as  wide  as  the  circuit  of  the  bell,  lay  the  bottom 
of  the  sea  so  far  dry,  as  not  to  be  over-shoes  on  it.  And  by 
the  glass  window  so  much  light  was  transmitted,  that  when 
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the  sea  was  clear,  and  especially,  when  the  sun  shone,  I  could 
see  perfectly  well  to  write  or  read,  much  ndore  to  faisten  or 
]ay  hold  on  any  thing  under  us,  to  be  taken  up.  And  by 
^he  return  of  me  air-barrels  I  often  sent  up  orders,  written 
with  an  iron  pen  on  small  plates  of  lead,  directing  how  td 
move  us  from  place  to  place  as  occasion  required.  At  other 
times  when  the  water  was  troubled  and  ^ick,  it  would  be 
dark  as  night  below ;  but  in  such  case,  I  have  been  able  to 
keep  a  candle  burning  in  the  bell  as  long  as  I  pleased,  noU 
withstanding  the  great  expense  of  air  requisite  to  maintain 
flame. 

C<mcem%ng  Britain  having  formerly  been  a  Peninsuku  -^ 

Dr.  WiLLiJifMusGEAFE,  F.E.S.'^  in  17 •} 
Supposing  Britain  to  have  been  a  peninsula,  Dr.  Mus-* 
grave  proposes  to  examine,  1.  Whether  an  isthmus  or  neck 
of  land  could  not  have  been  washed  or  worn  away;  and, 
%  Whetlier  that  between  Britain  and  France  really  was  so. 
.  In  respect  to  the  first  question,  he  observes,  1*  That  re- 
markable ridge  of  land,  in  the  strait  itself,  shows  that  the 
land  there  was\  formerly  much  higher ;  but  being  continually 
washed  away  by  U^e  tides,  for  some  thousands  ,of  years,  has 
been  reduced  to  the  state  m  which  it  is  at  this  day ;  whidi 
will  appear  the  more  probable,  if  we  consider,  that  it  is  a  con- 
staxift  and  mfaUible  rule,  that  the  more  the  bottom  of  the  sea  is 
worn  or  washed  by  its  waters,  the  more  level  and  even  it  be- 
comes. 2.  The  steep  white  cli£Ps,  consisting  of  chalk  and  flint, 
onthe  opposite  shores  of  the  straits,  and  answering  to  each  other 
fof  six  miles  on  each  side,  plainly  show  that  they  were  formerly 
separated  by  washing  away  the  intermediate  earth.  3.  The 
state  and  condition  of  that  tract  of  land,  called  Romney- 
Marsh,  ag^ee  very  well  with  the  supposition  of  an  isthmus :. 
for,  while  the  isthmus  remained,  it  must  have  been  an  obstacle 
to  the  tides  ;  and,  consequently,  have  caused  the  overflowing 
of  Romney-Marsh,  as  bebg  a  plain  low  bottom ;  and  that 
this  marsh  was  formerly  sea,  appears  fl'om  its  strong  bulwark. 
After  the  isthmus  was  broken  through,  eaxd  all  obstacles 
removed,  the  sea  retired  ftom  Romney-Marsb  into  its 
channel ;  whence  what  was  formerly  an  estpary  .is  now  a 
fertile  plain,  20  miles  long,  and  eight  broad,  and  yieldixig  very 
good  pasture  for  cattle. 

Lastly,  Supposing  that  there  i^as  formerly  aA  isthmus  liere» 
it  is  very  easy  to  conceive  how,  wolves,  and  other  noxious, 
animal^y  might  come  into  Britain  ;  whereas  on-the  contrary 
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BUj^sition  it . wilL be.  ridiculous  to  imagine  ,d|at  they  ^er# 
taransported  thither  in  ships,  for  .the  conservation  of  their 
species.  ; 

.  We  must  not  allow  that  we  have  no  hints  of  this  ev^9t  in 
history ;  for  what  is  plainer  than. this  passage  in  Virgil  ?> 

—  Penitus  toto  divisos  orbe  Britannotf.  "     * 

May  we  not  suppose  that  the  word  divisos  may  impoUthe- 
rending  or  breaking  off  one  thing  from  another  ?  .And- that 
Yirgil  k4ew  its  signification  very  well,   and  was  well  ac*: 

Suainted  with  antiquity,  and  had  not  forgot  himself?  Oa: 
^ese  words  Servius  says,  <^  Because  Britain  was  formerly: 
joined  to  the  Continent:"  than  which  nothing  can  be  more- 
plajbi,  tl£an  that  the  breaking  through  of  this  isthmus  was 
known  to  the  ancients* 

Th^I'efore,  from  the  whole  the  Doctor  concludes,,  that 
Britain  was  not  originally  an  island,  but  .became  such  fironp^a  pe-. 
i^ipsula ;  and  that,  as  is  probable,  by  the  concurrence  of  somei 
one  or  other  of  the  more  boisterous  winds  with  the,  tide8>; 
and  so  breaking  through  the  isthmus. 


4n  Acccuni  of  an  Experiment  to  show  thai  all  Places  aw  not 
equaUyjvU,    By  J.  T.  Dssaguliers^  M.A.  F.R.S. 

.  We  let  fall  a  guinea,  and  two  papers,  in  an  air-pumpi  the 
one  placed  over,  and  the]  other  under  it,  before  any  air  was 
pumped  out :  the  gumea  came  to  the  bottom  when  the  papers 
were  in  the  middle  of  the  second  glass  from  the  top.  Then 
having  laid  a  feather  on  the  brass  springs  close  by  the  guinea, 
we  let  them  loose  both  together ;  and  the  feather  was  falleti 
only  down  to  the  fourth  part  of  the  length  of  the  first  glass, 
or  -^  of  the  whole  distance,  when  the  guinea  was  got  down 
to  the  bottom  of  the  receiver.  We  then  laid  two  papers  and 
two  feathers,  one  of  each  under,  and  the  other  over  the 
guinea,  between  the  springs ;  and  having  drawn  out  so  much 
of  the  air  as  to  bring  up  the  mercury  in  the  gauge-tube, 
within  a  quarter  of  an  inch  of  the  greatest  height  to  which  it 
could  be  then  raised  by  the  pressure  of  the  external  air,  we 
caused  the  bodies  to  fall  all  at  once ;  and  though  the  papers 
came  down  to  the  bottom  at  the  same  time  as  the  guinea,  yet 
the  feathers,  being  much  lighter,  wanted  about  three  inches. 
But  at  last,  having  laid  the  papers,  feathers,  and  guinea,  as 
before,  we  pumped  out  all  the  air,  and  then  the  feathers,  as 
well  as  the  papers,  came  to  the  bottom  of  the  receiver  at  the 
same  instant  of  time  as  the  guinea.  ^        . 
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An  Account  of  the  ^Jideton  of  a  large  Animal  impressed  on 
Sume.  By  Dr.  William  Stukely,  F.R.S.  —  [1719.] 
At  Elston,  near  Newark  in  Nottinghamshire,  was  dis- 
covered an  almost  entire  skeleton  of  a  large  animal,  impressed 
cm  a  very  h^  bkie  clay  stone ;  the  same  as,  and  midoubtedly 
came  from,  the^ neighbouring  quarries  about  Fulbeck,  on  the 
westesn  cliff  of  the  long  tract  of  hills  extending  quite  through 
the  adiacent  county  of  Lincoln.  It  lay,  time  out  of  mind,  at 
the  Side  of  a  well  near  the  parsonage-house,  where  it  had 
served  for  a  landipg^place  to  those  that  drew  water ;  but  on 
removal,'  the  under-side  exhibited  this  unusual  form.  Wher^ 
die  remaining  part  of  the  stone  may  be,  which  contained  the 
Uffpev  part  and  continuation  of  the  skeleUm,  is  now  utterly  un* 
known.  It  seems  to  be  that  of  a  crocodile  or  porpoise.  There 
a|<e  16  vertebra  of  the  back  and  loins,  very  plam  and  distinct, 
wi^h  their  piucesses  and  intermediate  cartilages ;  nine  whole 
or  partial  ribs  <>i!the  left-side  ;  the  os  sacrum,  the  ileum  in  situ, 
aiMltwo  thigh-bones  displaced  a  little  ;  the  beginnings  of  the 
tibia  and  fibula  of  the  right  leg ;  on  one  corner  there  seem 
to-be  the  vestigia  of  a  foot  with  four  of  the  five  toes,  and  a 
little  way  off  au.  entire  toe,  now  lefl  perfect  in  the  stones 
there  are  nd  l^ss  than  11  joints  of  the  tail,  and  the  cartilages 
between  them  of  a  white  colour  distinguishable  fVom  the  rest. 
'  About  ifXvyears  since,  I  was  «hown  many  human  bones 
taketi  from  whole  skeletons,  with  British  beads,  chuns,  iron 
nngm  bmss  bits^f  bridles,  and  the  like,  which  were  dug  iip 
in  a  -quarry  at  Blankney  in  Lincolnshire ;  which  probably 
vrm  pUin  mold  wh^n  tliese  old  bodies  of  the  Britons  were 
iaterred;  and  since  then  I  saw  many  human  bones  and 
armour,  with  Roman  coinS>' fibulse^  &c.  found  in  a  stone  pit 
in  the  park  at  Hunstanton  in  Norfblk,  which  were  supposed 
to  h^ve  been  buried  in  the  earth  afler  a  battle.  Whence  we 
may  judge  it  a  vulgar  error,  in  the  ruins  of  old  castles  and 
wiedls  to  admire  the  tenacity  of  the  mortar,  and  to  praise  our 
aocestoiss  for  an  art  which  we  suppose  now  lost;  when  doubt- 
less the  strength  of  the  cement  is  owing  to  length  of  time^ 
and  m  fu|;ure  ages  the  same  judgment  may  be  formed  of  our 
modem  buildings. 

Frpm  all  these  instances,  I  infer  the  ancient  state  of  these 
cliffs,  where  this  skeleton  was  found,  and  shells  are  daily 
found,  intimately  mixed  in  the  substance  of  the  stone,  to  have 
formerly  been  of  a  softer  consistence,  capable  of  admitting 
tbem  into  its  bowels,  and  immuring  them  as  part  of  itself; 
and  that  eartji  which  is  now  manageable  by  the4>louj?h,  may 
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possibly,  in  time,  assume  the  same  densityr  at  least  not  fitf 
belQw  the  surface ;  for  in  this  very  cliff  the  upper  strata  are 
•till  day,  becoming  the  harder  the  deeper. 


^apmm^ts  tnade  with  Mons.   ViUetU's  Burning  CoMxnoe* 
JBy  the  Hev.  Dr.  •/.  Harris^  and  Dr.  J.  T.  Desaguliebs. 

This  mirror  is  a  ^  concave,  47  inches  wide,  and  ground  to 
a' sphere  of  76  mches  radius;  so  that  its  focus  is  about  38 
iikches'  distant  front  the  vertex  of  the  glass.  The  metal,  of 
whidh^it  is  made,  is  a  mixture  of  copper,  tin,  and  tin->glass, 
aad'  its  reflection  has  some^ing  of  a  yeUow  cast.  The 
concave  silrftu^  has  scarcely  any  laws,  and  those  very  small; 
'bttt-'tfae  convex*  side,  which  is  also  polished,  has  some  holes 
init*f' 

'Having  held  several  bodies  in  the  focus  of  this  mirror,  we 
obsemed  what  happened  to  them  while  exposed  to  this  great 
beat;  and  with*  a  half  second  pendulum  noted  the  time  in 
which  any  material  change  happened  to  them.  The  experi* 
naents  were  made  from  9  till  12  in  the  morning,  as  follow :  — 

No.  1.  A  red  piece  of  a  Roman  patera,  which  began  to 
mdt  in  three  secondsi  was  ready  to  drop  in  100«  2.  Another 
black  piece  melted  at  four,  and  was  ready  to  drop  in  64 
seconds.  St  Cbalk  taken  out  of  an  echinus  spatagus  filled 
with  chalk  only  fled  away  in  23  seconds.  4.  A  fossil  shdl 
calcined  in  seven  seconds,  and  did  no  more  in  64.  5.  A  piece 
0^  Pompey^s  pillar  at  Alexandria  was  vitrified  in  the  bladk 
part  in  50  seconds,  and  in  the  white  part  in  54.  6.  Copper 
ore,  which  had  no  metal  in  it  visible,  vitrified  in  eight  seconds. 
7.  Slag,  or  cinder  of  the  ancient  iron-work  said  to  have  been 
wrought  by  the  Saxons,  was  ready  to  run  in  29^  seconds. 
>  Here  the  glass,  growing  hot,  burned  with  much  less  force. 

8r  Iron-we  fled  at  first,  but  melted  in  24  seconds.  9.  Talc 
began  to  calcine  at  40  seconds,  and  held  in  the  focus  64. 
10.  Calculus  humanus  in  two  seconds  was  calcined,  and  only 
drq>ped  off  in  60.  11.  An  anonymous  fish's  tooth  melted  in 
32 jf  seconds.  12.  The  asbestos  seemed  condensed  a  little  in 
28  seconds,  but  it  was  now  something  cloudy;  Mons.  ViliettO 
says,  that  the  glass  usually  calcines  it.  13.  A  golden  mar- 
cluisite  broke  in  pieces,  and  began  to  melt  in  about  SO 
seconds.  14.  A  silver  sixpence  melted  in  7^  seconds.  15.  A 
King  WDliam's  copper  halfpenny  melted  in  20  seconds,  and 
ran  with  a  hole  in  it  in  31.  16.  A  King  George's  halfpenny 
melted  in  16  seconds,  and  ran  in  34.  17.  Tin  melted  in  three 
seconds.    18.  Cast  iron  in  16  seconds.    IQ.  Slate  melted  in 
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three  seconds,"  2sid  hod  a  hole  in  six.  20.  Thin  ti}e  melted 
in  four  seconds,  and  had  a  hole  and  was  vitrified  through  in 
80.  21,  Bone  calcined  in  four  seconds,  and  vitrified  in  33, 
22.  An  emerald  was  melted  into  a  substance  like  a  tufquois 
stone.  23.  A  diamond,  weighing  four  grains,  lost  ^  of  its 
weight. 

An  Account  of  the  extraarcUnary  Meteor  seen  aU  over  Englandy 
on  the  I9th  rf March,  1718-9.  Bt/  Bdm.  Halley,  LL.D. 
Our  very  worthy  vice-president.  Sir  Hans  Sloane,  being 
abroad  at  that  time,  happened  to  have  his  eyes  turned 
towards  it  at  its  first  eruption ;  of  which  he  gave  the  following 
account :  That  walkingin  the  streets  in  London,  at  about  a 
quarter  after  eight  at  night,  he  was  surprised  to  see  a  sudden 
great  light,  far  exceeding  that  of  the  moon,  which  shone  very 
bright.  He  turned  to  the  westward,  where  the  light  was, 
which  he  apprehended  at  first  to  be  artificial  fire-works  or 
rockets.  The  first  place  he  observed  it  in  was  about  the 
Pleiades  northerly,  whence  it  moved  after  the  manner  of  a 
falling  star,  but  more  slowly,  in  a  seeming  direct  line,  de- 
scending a  little  heypnd  and  below  the  stars  in  Orion*s  belt, 
then  in  the  S.  W.  The  long  stream  appeared  to  be  branched 
about  the  middle,  and  the  meteor  in  its  way  turned  pear- 
fashioned  or  tapering  upwards.  At  the  lower  end  it  came  at 
last  to  be  larger  and  spherical,  though  it  was  not  so  large  as 
the  full  moon.  Its  colour  was  whitish,  with  a  tint  of  blue, 
of  a  most  vivid  dazzling  lustre,  which  seemed  in  brightness 
very  nearly  to  resemble,  if  not  surpass,  that  of  the  body  of  the 
6un  in  a  clear  day.  This  brightness  obliged  him  to  turn  his 
eyes  several  times  from  it,  as  well  when  it  was  a  stream  as 
when  it  was  pear-fashioned  and  a  globe.  It  seemed  to  move 
in  about  half  a  minute  or  less,  about  the  length  of  20°,  and  to 
go  out  about  as  much  above  the  horizon.  There  was  left 
bebind  it,  where  it  had  passed,  a  track  of  a  cloudy  or  faint 
reddish  yellow  colour,  such  as  red-hot  iron  or  glowing  coals 
have,  which  continued  more  than  a  minute,  seemed  to  sparkle, 
and  kept  its  place  without  falling.  This  track  was  inter- 
rupted, or  had  a  chasm  towards  its  upper  end,  at  about  two 
thirds  of  its  length.  He  did  not  hear  any  noise  it  made ;  but 
the  place  where  the  globe  of  light  had  been  continued,  for 
some  time  after  it  was  extinct,  of  the  same  reddish-yellow 
colour  with  the  stream,  and  at  first  some  sparks  seemed  to 
Issue  from  it,  such  as  come  firom  red-hot  iron  beaten  on  on 
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-  '  All  the  odier  accounts  of  the  phadomenon,  in  London^ 
agree  in  this,  that  the  splendour  waa  little. inferior  to  that  of 
.the  sun ;  that  within  doors  the  candles  gave  no  manner  of 
light,  and  in  the  streets  not  only  all  the  stars  disappeared,  hut 
the  moon,  then  nine  days  old,  and  high  near  the  meridian^ 
the  sky  beiiig  very  clear,  was  so  far  e&ced  as  to  be  scarcely 
seen,  at  least  not  to  cast  a  shade,  even  where  the  beams  of 
the  meteor  were  intercepted  by  the  houses ;  so  that,  for  some 
few  seconds  of  time,  in  all  respects  it  resembled  perfect  day/ 

Now  the  situation  of  the  three  cities,  London,  Oxford,  and 
Worcester,  being  nearly  on  the  same  W.  N.  W.  point,  on  which 
the  track  of  the  meteor  had  its. greatest  altitude  above  the 
horizon,  equal  to  the  angle  of  its  visible  way ;  if  we  suppose 
it  at  London  to  have  been  27°  high,  and  at  the. same  time  at 
Worcester  to  be  65^  high,  in  the  plane  of  the  vertical  circle 
passing  through  London  and  Worcester ;  supposing,  likewise, 
the  distance  between  them  to  be  90  geographical  miles,  or 
ime  degree  and  a  half  of  an  arch  of  a  great  circle  of  the  earthy 
we  shall,  by  an  easy  trigonometrical  calculus,  find  the  perpen- 
dicular height  to  have  been  64  such  miles. 

When  it  first  broke  out  over  Tiverton,  its  diameter  was 
half  a  degree ;  and  its  horizontal  distance  being  150  geogra* 
phical  miles  from  London,  and  its  altitude  60,  the  h3rpothe^ 
nusal,  or  real  distance  from  the  eye,  will  be  more  than  160 
such  miles ;  to  which  radius  th^  subtense  of  half  a  degree  will 
be  above  an  English  mile  and  a  half,  being  about  2800  yard^ 
nearly.  After  the  same  manner  it  is  difficult  to  assign  its  due 
velocitj^,  while  some  make  it  half,  others  less  than  a  quarter^ 
dip  a  minute,  in  passing  from  its  first  explosion  to  its  last  ex- 
tinction :  but  the  distance  it  moved  in  that  time  being  about 
S®,  or  180  geographical  miles^  we  may  modestly  compute  it 
to  have  run  above  300  such  miles  in  a  minute ;  which  is  a 
swiftness  wholly  incredible. 

Of  several  accidents  that  were  reported  to  have  attended 
its  passage,  some  were  the  effect  of  pure  fancy ;  such  as  the 
hearing  it  hiss  as  it  went  along,  as  if  it  had  been  very  near  at 
hand :  some  imagined  they  felt  the  warmth  of  its  b^ams ;  and 
others  thought  they  were  scalded  by  it.  But  what  is  certain, 
and  no  way  to  be  disputed,  is  the  wonderful  noise  that  fol- 
lowed its  explosion.  All  accounts  from  Devon  and  Comwafll, 
and  the  neighbouring  counties,  are  unanimous,  that  there  was 
heard  there,  as  it  were  the  report  of  a  very  great  cannon,  or 
rather  of  a  broadside,  at  some  distance,  which  was  soon  fol- 
lowed by  a  rattling  noise,  as  if  many  small  arms  had  been 
promiscuously  discharged.    What  was  peculiar  to  this  sound 
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was,  that  it  was  attended  wit|i  an  uiicommon  tremour  of  the 
air,  and  every  where  in  those  counties  very  sensibly  shook 
the  glass-windows  and  doors  in  the  houses,  and  according  to 
some,  even  the  houses  themselves,  beyond  the  usual  effect  of 
cannon,  though  near;  and  Mr.  Cruwys  at  Tiverton,  on  this 
occasion,  lost  a  looking-glass,  which  being  loose  in  its  frame, 
fell  out  on  the  shock,  and  was  broken.  We  do  not  yet  know 
the  extent  of  this  prodigious  sound,  which  was  heard,  against 
the  then  easterly  wind,  in  the  neighbourhood  of  London ;  and 
by  the  learned  Dr.  Tabor,  who  distinctly  heard  it  beyond 
lilewes  in  Sussex. 


An  Account  of  some  Experiments  to  find  how  mvch  the  Re* 
sistance  of  the  Air  retards  falling  Bodies.  By  J,  T*  Djssa* 
GULIER8,  LLJ). —  [1719.] 

I  TOOK  twelve  balls,  six  of  which  were  solid  leaden  globes 
of  about  two  inches  diameter ;  three  hollow  glass  balls  ^f 
about  five  inches  diameter ;  and  three  light  pasteboard  hollow 
globes  of  about  the  same  diameter ;  and  having  carried  them 
to  tlie  upper  gallery  in  the  lantern,  on  the  dome  of  St.  Pau}'$ 
church,  Ilet  them  &U  down  by  two  at  a  time  in  the  following 
manner: 

First,  a  leaden  ball  and  a  glass  ball ;  2dly,  a  leaden  ball 
and  a  glass  ball ;  SdUy,  a  leaden  ball  and  a  glass  ball.  Then 
I  let  fall,  in  the  same  manner,  the  three  other  leaden  ballsy 
each  with  a  pasteboard  ball. 

After  that^  having  the  leaden  and  pasteboard  balls  brought 
up  again,  I  repeated  the  experiment  twice  more  with  a  leader 
and  pasteboard  ball ;  then  I  made  the  experiment  twice  raot^ 
with  a  pasteboard  ball  alone,  to  see  how  long  it  would  be  in 
fallmg. 

On  the  whole  it  appeared,  that  the  leaden  balls  w^e  a  very 
little  more  than  4:1  seconds  in  falling;  the  two  largest  of 
the  glass  balls  six  seconds ;  and  the  pasteboard  balls  6^  se* 
Conds« 

The  height  of  the  gallery,  from  whence  the  bodies  fell,  was 
272  feet  above  the  pavement  of  the  church,  then  covered 
with  boards,  on  which  they  fell. 

A  pail  of  water  thrown  down  met  with  such  a  resistance 
in  falling  272  feet  through  the  air,  that  it  was  all  turned  into 
drops  like  rain. 
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On  the  Plagve  at  ConstanHviople.  By  Wmanuel  Timon^,  MJ). 

It  is  proved  by  historical  documei^ts,  as  well  as  by  daily 
observation,  that  the  plague  is  brauglit  from  Egypt  to  Con- 
stantinople. Here  it  is  fostered  an^  retained ;  ai^d  although 
this  city  is  scarcely  ever  free  irom  the  semmia  of  a  fornix 
pestilence,  yet  a  new  fomes  of  contagion  is  every  now  and 
then  imported.  It  is  for  the  most  p^t  suppressed  by  a  se- 
vere degree  of  winter  cold. 

The  following  are  the  symptoms-;  namely,  fever,  buboes, 
carbuncles,  exanthemata,  head-ache,  phrenitis,  drowsiness  in 
some,  wakefulness  in  others,  anxiety,  debility,  or  great  pros- 
tration of  strength,  dull  or  muddy  appearance  of  the  eyes,  pa^ 
pitBtion  of  the  hearty  dryness  of  the  tongue,  vomiting,  hiccup, 
worms,  diarrhoea,  bleeding  at  the  nose,  bloody  urine,  spitting 
of  blood ;  pains  of  the  side,  liver,  kidneys,  and  other  parts. 
To  these  I  add  a  weariness  and  soreness  of  the  limbs,  shiver* 
ing  sometimes  folk>wed  by  heat^  but  more  frequently  not ; 
nausea  without  vomiting,  vertigo,  trembling  of  the  hands  from 
the  very  beginning  of  the  disorder.  Of  these  symptoms  there 
is  not  one  which  is  inseparable  from  the  disorder,  not  even 
b«d[>oes,  carbuncles,  and  exanthemata.  In  many  instances 
there  is  no  fever.  Hence  it  may  be  established  as  a  general 
rule,  that  whenever  a  disorder  is  accompanied  with  buboes, 
carbuncles,  &c.  we  may  with  certainty  pronounce  it  to  be  the 
plague;  but  that  although  such  symptoms  be  wanting  we 
cannot  with  certainty  pronounce  the  contrary.  Thus  many 
who  are  seized  with  the  plague  experience  merely  a  slight 
shivering,  not  so  much  as  in  a  common  cold ;  and  for  several 
days  none  of  the  characteristic  symptoms  show  themselves^ 
ibut  at  length  they  burst  forth  all  at  once*  Some  after  taldng 
the  infection  only  feel  a  degree  of  languor:  they  are  capable 
of  walking  about,  and  going  through  &eir  usual  occupations 
without  inconvenience;  but  on  the  third  or  fburth  day  they 
•suddenly  drop  down,  and  die  on  the  spot 

In  aome  constitutions  the  plague  remains  dormant  for  severd 
days,  and  then  comes  into  action.  If  a  person  who  is  re- 
«»vering  from  the  plague  commits  any  great  error  in  diet 
beibre  tiie  fortieth  day,  and  a  firei^  bubo  appears,  he  dies.  It 
Is  very  unusual  fat  a  person  who  has  been  perfectly  recovered 
fr>om  an  attack  of  the  plague,  to  have  it  a  second  time  during 
the  same  year.  A  per£on  who  had  lived  in  an  infected  house 
for  some  months  without  taking  the  plague,  was  at  lengtji 
seized  with  it  Old  mmi,  fer  the  most  part,  escape  infection ; 
young  persons^  on  the  contrary,  f»re  very  Uable^to  take  it. 
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l^oreigners  are  more  susceptible  of  it  than  the  native  inha  * 
bitants.  Of  all  nations  the  Armenians  are  the  least  liable  to 
infection.  They  eat  very  little  animal  food,  but  are  much  ad- 
dicted to  the  use  of  onions,  leeks,  garlick,  and  wine.  It  is 
not  safe  to  eat  pork  during  the  plague.  Nothing  predisposes 
more  to  the  taking  of  infection  than  passions  of  the  min^  and 
particularly  grief  and  fear.  Houses  which  are  kept  clean  and 
neat  are  not  so  readily  infected  as  those  that  are  dirty.  Ca- 
chectic subjects,  and  persons  labouring  under  the  jaundice  and 
various  other  chronic  disorders,  either  entirely  escape  in- 
fection, or  if  they  take  the  plague,  they  have  it  favourably. 
On  the  contrary,  it  is  particularly  fatal  to  persons  of  a  flon4 
•complexion  and  robust  constitution. 

In  1712  the  plague  at  Constantinople  spread  with  increasing 
prevalency  at  the  end  of  May,  and  arrived  at  its  height  to- 
,  wards  the  end  of  July.  A  person  whom  I  employed  to  make 
observations  counted  above  ninety  dead  bodies  in  one  day. 
The  Etesian  winds  blew  strongly;  afterwards  the  wind  changed 
to  the  south.  The  first  week  after  this  change  in  the  wind, 
viz.  to  the  soutli,  he  counted  only  about  forty  dead  bodies  per 
diem ;  the  second  week,  about  thirty ;  the  Uiird  week,  not  so 
many  as  twenty;  which  last  is  not  more  than  thQ  ordinary- 
number  of  daily  deaths  at  that  time  of  the  year  m  healthy 
reasons. 


Cf  the  Infinity  of  ilia  Sphere  of  fi.xed  Stars.  By  EdmuvJ) 
Halley,  LL.D.  —  [1720.] 

The  system  of  the  world,  as  it  is  now  understood,  is  taken 
to  occupy  the  whole  abyss  of  space,  and  to  be  as  such  actually 
infinite  ;  and  the  appearance  of  the  sphere  of  fixed  stars,  still 
discovering  smaller  and  smaller  ones,  as  we  apply  better 
telescopes^  seems  to  confirm  this  doctrine.  And,  indeed,  were 
the  whole  system  fioiite,  though  never  so  extended,  it  would 
still  occupy  no  part  of  the  infinitum  of  spac^  which  necest* 
sarily  and  evidently  exists* 

I  have  attentively  examined  what  might  be  the  conse^ 
quence  of  an  hypothesis,  that  the  sun  being  one  of  the  fixed 
stars,  all  the  rest  were  as  far  distant  firom  one  another  as  they 
are  fbom  us ;  and  by  a  due  calculation  I  find,  that  there  can* 
not,  on  that  supposition,  be  more  than  IS  points  in  the  suiiface 
of  a  sphere,  as  far  distant  firom  its  centre  as  they  are  from 
one  another :  and  I  believe  it  would  be  hard  to  find  how  to 
place  13  globes  of  equal  magnitude,  so  as  to  touch  one  in  the 
centre;  for  the  1^  angles  of  the  icosaedron^e  froqi  one 
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another  very  little  more  distant  than  from  its  centre ;  that  is, 
the  side  of  the  triangular  base  of  that  solid  is  very  little  more 
than  the  semi-diameter  of  the  circumscribed  sphere,  it  beiug 
to  it  nearly  as  21  to  20 ;  so  that  it  is  plain  that  somewhat 
more  than  12  equal  spheres  may  be  posited  about  a  middle 
one  ;  but  the  spherical  angles  or  inclinations  of  the  planes  of 
these  figures  being  incommensurable  with  the  360  degrees  of 
die  circle,  there  will  be  several  interstices  left,  between  some 
of  the  12^  but  not  such  .as  to  receive  in  any  part  the  13th 
sphere* 

Hence  it  is  no  very  improbable  conjecture,  that  the  num* 
her  of  the  fixed  stars  of  the  first  magnitude  is  so  small,  be- 
cause this  superior  appearance  of  light  arises  from  their  near- 
ness ;  tliose  that  are  less  showing  themselves  so  small  by 
reason  of  their  greater  distance.  Now  there  are  in  all  only  16 
fixed  stars,  in  the  whole  number  of  them,  that  can  indisput- 
ably be  accounted  of  the  first  magnitude ;  of  which  four  are 
Extra  2odiacum ;  viz.  Capella,  Arcturus,  Lucida  Lyrae,  and 
Lucida  Aquilssp  to  the  north ;  four  in  the  way  of  the  moon 
and  planets,  viz.  Palilicium,  Cor  Leonis,  Spica,  and  Cor 
Scorpii ;  and  five  to  the  southward,  that  are  seen  in  England, 
viz.  the  foot  and  right  shoutder  of  Orion,  Sirius,  Procyon,  and 
Fomalhaut ;  and  there  are  three  more  that  never  rise  in  our 
horizon,  viz.  Canopus,  Acharn&r,  and  the  foot  of  the  Centaur. 
But  that  they  exceed  the  number  13  may  easily  be  accounted 
for  firom  the  different  magnitudes  tliat  may  be  in  the  stars 
themselves  ;  and  perhaps  some  of  them  may  be  much  nearer 
to  one  another  than  they  are  to  us ;  this  excess  of  number 
bemg  found  singly  in  the  signs  of  Qemini  and  Cancer. 


Accotmt  of  a  Boy  who  lived  a  txmsiderabk  Time  withotU 
Food.  By  Patrick  BjjURy  M.B.  —  [1720.] 
This  account  is  of  a  boy,  of  15  years  of  age,  said  to  have 
lived  three  years  without  eating  or  drinking ;  during  which 
time  he  had  several  severe  fevers,  with  sometimes  the  loss  of 
the  use  of  his  Umbs,  and  one  while  of  his  speech.  After  the 
three  years  he  gradually  recovered  tolerable  health,  excepting 
the*  use  of  one  of  his  limbs,  and  taking  extremely  little  rood. 

Concerning  a  new  Island  laJtdy  raised  out  of  the  Sea,  near 
Terceraf  OHe  of  the  Azores.    By  Tho.  Forsteb^  Esq. 
John  Robinson,   master  of  a  small   vessel,  arrived  at 
Tercera,  Dec.  10. 1720;  near  which  island  h^5aw(a  fire  break 
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out  of  the  sea.  Dec.  18.  we  got  under  sail  at  12  o'clock  at 
night,  and  stood  from  Angras,  S.E.  The  next  day  at  two  in 
the  afternoon,  we  made  an  island,  all  fire  and  smoke ;  and 
continued  our  course  till  the  ashes  fell  on  our  deck,  like  hail 
or  snow,  aU  night.  We  bore  from  it,  the  fire  and  smoke  roar* 
ing  like  thunder,  or  great  guns.  At  day-break  we  stood  to- 
wards it  again :  at  12  o'clock  we  had  p,  good  observation,  two 
leagues  south  from  it.  We  sailed  round  it,  and  so  near,  that 
the  fire  and  matter  it  threw  out,  had  like  to  have  done  us 
damage :  but  a  small  gale  at  S.E.  sprung  up,  and  carried  us 
clear,  to  our  great  joy.  The  breeze  was  accompanied  with  a 
small  shower  of  rain,  which  caused  a  great  dust  to  fall  on  our 
deck.  With  this  breeze  we  stood  away  for  Tercera.  The 
govemcHr  informed  us  that  the  fire  broke  out  Nov.  20.  1720, 
in  the  night,  and  that  it  was  accompanied  by  an  earth- 
quake, which  shattered  many  houses  in  the  town  of  Angra, 
and  places  adjacent.  Prodigious  quantities  of  pumice-stones 
and  half-broiled  fish  were  found  floating  on  the  sea,  for  many 
leagues  round  the  island,  and  abundance  of  sea-birds  hovering 
about  it. 

Observations  on  the  Figures  of  Snow,    By  the  Rev,  Benj^ 
LANQWITHy  D.D.^  [1723.] 

On  Jan.  SO.  1723,  a  little  afler  nine  in  the  morning,  wea-. 
ther  cold,  wind  south-westerly,  but  not  very  high,  barometer 
above  30  inches,  I  saw  that  pretty  phenomenon  of  the  star- 
like snow,  and  though  on  comparing  my  observations  after- 
wards with  those  of  Descartes,  Dr.  Grew,  and  Mr.  Morton,  I 
find  I  have  but  little  to  add  on  the  subject ;  yet,  as  I  observed 
the  progress  of  nature,  in  this  sort  of  crystallisation,  with  a 
great  deal  of  pleasure,  I  hope  it  will  not  be  disagreeable  to  you 
to  receive  an  account  of  it. 

I  shall  begin  with  the  ^ 

most  simple  figures  A  w 

and  B,   of  which   the  B  ^  Ji^       '^ 
former  is   a   roundish  j^ 

pellet  of  ice;  the  se-  _\^ 

cond,    a  small  oblong  "Tv 

body,  with  parallel  sides, 
which  is  often  as  fine  as  a  hair.  Of  this  latter  kind  the  flakes 
of  snow  chiefly  consist ;  and  though  they  look  white  to  the  eye, 
yet  when  viewed  with  a  small  magnifier  of  a  microscope,  they 
appear  like  so  many  transparent  needles  of  ice  thrown  Xof^- 
tlier,  without  any  order.  « 
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Tlie  next  figure  is  c,  in  which  the  pellet  has  shot  out  six 
of  those  small  bodies  of  equal  length,  and  set  at  equal  angles ; 
of  this  kind  I  saw  a  considerable  number. 

The  next  step  in  the  crystallisation  is  d,  in  which  those 
bodies  are  lengthened,  and  have  shot  out  a  great  many  more 
from  their  sides,  at  equal  angles,  but  unequal  lengths,  growing 
continually  shorter  and  shorter,  till  they  terminate  in  a  point. 
I  measured  some  of  these,  and  found  them  to  be  about  one 
quarter  of  an  inch  in  breadth.  I  saw  but  very  few  of  them  in 
perfection,  for  the  collateral  shoots  were  so  exquisitely  fine,  as 
to  be  liable  to  be  broken  in  their  &11,  ot  confi^unded  together 
by  the  least  degree  of  heat. 

Of  the  next  kind,  e,  I  saw  a  very  great  number,  which  be- 
ing examined  by  the  microscope,  plainly  appeared  to  be 
nothing  but  the  former  in  disorder.  The  edges  of  these  were^ 
in  general,  very  irregular,  but  some  of  them  happened  to  be 
so  indented,  as  to  look  like  the  jagged  leaves  of  plants. 

The  next  kind,  f,  had  12  points  regularly  disposed,  and  pro- 
bably might  consist  of  two  of  the  former  so  joined  together,  as 
to  cut  their  angles  equally. 

I  saw  but  very  few  figures  of  12  points,  and  those  mostly 
iknperfect  in  one  respect  or  other. 

JSaperiments  concerning  the  Degrees  cfHeat  cfboUing  lAquon, 
By  M.  Fasbsnhejt.  —  [1724?.] 
M.  Fahrenheit  finding,  in  the  history  of  the  Royal 
Academy  of  Sciences,  that  M.  Amontons  had,  by  means  of  a 
thermometer  of  his  own  invention,  discovered  that  water 
boils  with  a  fixed  degree  of  heat,  was  very  desirous  of  making 
such  another  thermometer,  to  view  with  his  own  eyes  this 
curious  phenomenon  of  nature,  and  be  convinced  of  the  truth 
of  the  experiment. 

Having  made  such  a  thermometer,  die  event  answered  his 
expectation.  The  issue  of  the  experiments  is  exhibited  in 
the  following  table :  the  first  column  shows  the  several  liquors 
used,  the  second  the  degree  of  heat  each  liquor  acquired 
by  boiling. 

The  degrees  of  . 
liquors.  heat  acquired  by 

boiling. 
Spirits  of  wine        -        -        -      176 
Rain  water  -         -  .       -      212 

Spirit  of  nitre  -  -  -  24-2 
Lixivium  of  pot-ash  -  -  240 
Oil  of  vitriol  ...     ^"^  ooqIc 
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Volatile  oils  begin  to  boil  with  a  low  degree  of  heat ;  but 
jtlieir  heat  continual!}?  increases  by  boiling;  the  reason  of 
which  may  probably  be  this,  viz.  that  the  more  volatOe 
particles  fly  ofl^,  while  the  resinous  ones  remain  behind. 

But  fixed  oils  require  so  great  a  degree  of  heat,  that  the 
mercury  in  the  thermometer  begins  to  boil  at  the  same  time 
with  them ;  and  hence  their  degree  of  heat  can  scarcely  be 
found  with  certainty  in  the  manner  above  mentioned. 


Experiments  and  Observations  on  the  Freezing  of  Water  in 
Vactio.    By  M.  Fahbenreit.  —  [1724.] 

March  2.  1721,  he  exposed  to  the  cold  a  glass  ball, 
about  an  inch  in  diameter,  exhausted  of  air,  and  filled  with 
rain-water  almost  half  full ;  the  temperature  of  the  air  in  the 
thermometer  was  marked  at  15  degrees.  In  an  hour  after, 
he  found  the  water  still  fluid  in  the  ball.  He  then  left  the 
ball  exposed  all  night  in  the  open  air,  and  next  day,  viz.  the 
third  of  March,  at  5  o*clock  m  the  morning,  he  found  the 
water  still  fluid,  and  the  thermometer  at  the  same  degree  ; 
the  cause  of  which  unexpected  phenomenon  he  attributed  to 
the  absence  of  the  air.  To  discover  the  truth  of  this  con- 
jecture, he  broke  tlie  extremity  of  the  tube,  that  the 
exhausted  ball  might  be  again  filled  with  air ;  on  which  the 
whole  mass  of  water  was  suddenly  mixed  with  very  thin 
landellae  of  ice.  He  broke  the  ball,  and  putting  some  of  the 
ice  into  some  water  in  a  glass  cup,  he  observed  it  floated. 

A  little  time  after,  he  observed  all  the  water  mixed  with 
icy  lamt^Uae  ;  yet  the  greatest  part  of  the  water  still  continued 
fluid  between  tlie  interstices ;  the  thermometer,  put  into  this 
mixture,  stood  at  32  degrees.  On  repeating  the  experiment 
with  two  other  balls,  and  after  preparing  them  in  the  manner 
above  mentioned,  he  exposed  them  for  an  hour  in  the  open 
aivj  the  thermometer  being  then  at  20  degrees ;  an  hour  after, 
^e  fouiul  the  water  still  fluid  in  both  the  balls,  but  after  the 
exlniudted  ball  was  again  filled  with  air,  the  water,  as  in  the 
foniicr  experiment,  was  very  soon  mixed  with  icy  lamelUe ; 
and  their  production  was  so  instantaneous,  that  it  could 
hardly  be  observed  with  the  eye.  Before  he  broke  one  of 
the  balls,  he  separated  the  water  in  the  said  cup  from  Uie 
icy  lamellae,  on  which  he  broke  the  ball,  and  threw  the  ice 
into  water ;  the  ice,  it  is  true,  floated  on  the  water,  but  he 
in  vain  expected  the  production  of  the  lamellae  in  the  cup. 
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Cancendng  the  Difference  in  the  Height. of  a  Human  Bodyf 
between  Mormnff  and  Night,    By  the  Rev,  Mr.  Wasse. 

Mr.  Wasse  having  measured  a  great  many  sedentary 
people  and  day-labourers,  of  all  ages  and  shapes,  found  the 
d^erence  in  their  height  between  the  morning  and  night  to 
be  near  an  inch.  He  tried  himself  when  sitting,  and  found 
it  in  like  manner ;  particularly,  August  21.  1723,  he  sat  down, 
at  1 1  in  the  morning,  and  fixed  an  iron  pin  so  as  to  touch  it, 
and  that  but  barely.  Afterwards  fatigumg  himself  for  half 
an  hour  with  a  garden-roller,  the  consequence  was,  that  at 
12^  80°^  he  could  not  reach  the  nail  sitting,  by  about  ^  of 
an  inch.  At  two  the  same  day  he  wanted  near  -^  of  an  inch*' 
On  the  21st,  at  6^  30™  in  the  morning,  he  touched  the  nail 
fully;  and  afler  tlie  above-mentioned  exercise  for  only  a 
quarter  of  an  hour,  at  7^  14°^  he  fell  short  almost  as  much  as 
before.  On  the  27th,  having  sat  up  late  with  some  firiends^ 
he  wa»  faint,  and  felt  himself  heavy  on  the  eround,  and  with- 
out any  spring,  and  at  nine  next  morning  he  did  not  reach 
the  nail,  though  he  had  used  no  exercise.  He  rode  out^ 
but  could  not  reach  it  diat  day.  On  the  28th  he  rode  about 
four  miles ;  and  whereas  at  six  that  morning  he  reached  tlie 
nail,  he  had  lost  -Ac  of  an  inch  by  eight*  Sept.  19th  he  came 
from  Oxford  a  little  tired,  and  next  morning  at  eight  wanted 
one  half  of  an  inch.  After  studying  closely,  though  he 
never  stirred  from  the  writing-desk,  yet  in  five  or  six  hours 
he  lost  near  an  inch.  AU  the  difference  between  labourers 
and  sedentary  people  is,  that  the  former  are  longer  in  losing 
dieir  morning  height,  and  sink  rather  less  in  the  whole  than 
the  latter.  When  the  height  is  lost,  it  can  be  regained  by 
rest  that  day,  or  by  the  use  of  the  cold  bath. 

The  alteration  in  the  human  stature,  it  seems,  proceeds 
fh>m  the  yielding  of  the  cartilages  between  the  vertebrae,  to 
the  weight  of  the  body  in  an  erect  posture. 


The  Specific  Gravities  of  several  Bodies.    By  M.  Fabrbn* 
HEiTy  M.S.8.  —  [1724.] 

Gold  •  -    19081     Malacca  tin  -      7364 

Mercury        -  -     13575    English  tin      -        -      7313 

Lead  -  -     11350    White  marcasite      -      9S50 


Silver  •  -     10481     Regulus  of  antimony 

Swedish  copper        -      8834    Brass  -  -      8412 

Japanese  copper       -      8799    Rock-crystal  -      2669 

Iron  -  -      7817    Homogeneous  Pyrites     2584 
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The  same        -  -  1571 J 

Good  aquafortis  -  1409 

Spirit  of  nitre  -  1293^ 

Rain-water  -  1000 

Rape-seed  oil  -  91S 

Alcohol  of  wine  -  826 

The  same,  purer  .  -  825 


Sea  salt 

2125 

Nitre 

2150 

Alum 

1738 

Very  white  sugar     - 

1606i 

Oil  of  yitriol 

1877i 

Lixivium  of  pot-ash, 

fyiy  saturated  with 

salt 

1563 

Ofth^  Currents  at  the  Straits*  Mouth,—  [1724.] 
Cape  Spartel,  and  Cape  Tra&lgar,  from  the  western 
ocean,  are  known^  to  make* the  Straits-  mouth;  from  whence 
a  current*  in  the  middle  of  the  channel,  which  is  about  five 
leaeues  broad,  between  the  Barbary  and  Spanish  hmd,  runs 
at  least  two  miles  each  hour»  as  far  as  Ceuta  Point;  and 
there  the  two  coasts  opening  About  18  leagues  distant  firom 
each  other,  the  current  does  not  run  above  one  mile  an  hour^ 
and  so  continues  as  far  as  Cape  de  Gat,  which  is  70  leagues 
iq>  the  Mediterranean.' 

It  is  very  remarkable,  that,  m  the  year  1712,  Mons.  Du 
L'Aigle,  that  fortunate  and  generous  commander  of  the  pri- 
vateer called  the  Phoenix  of  Marseilles,  giving  chase,  near 
Ceuta  Point,  to  a  Dutch  i^p  bound  for  Holland,  he  aiQEie  up 
with  her  in  the  middle  of  the  gut,  between  Tariffa  and  Tangier, 
and  there  gave  her  one  broadside,  which  directly  sunk  her,  all 
her  men  being  saved  by  Mons.Du  L' Aigle ;  and  afewdays  after, 
the  sunk  ediip,  with  her  caigo  of  brandy  and  oil,  arose  on  tlie 
shore  near  Tangier,  which  is  at  least  four  leagues  to  the  west- 
ward of  the  place  where  she  sunk,  and  directly  against  the 
strength  of  the  current ;  which  has  persuaded  many  men  that 
there  is  a  re-currency  in  the  deep  water,  in  the  middle  of  the 
gut,  that  sets  outwards  to  the  grand  ocean,  which  this  acci- 
dent very  much  demonstrates  ;  and,  possibly,  a  great  part  of 
the  water,  which  runs  into  the  Straits,  returns  that  way,  and 
along  the  two  coasts  before  mentioned ;  otherwise  this  ship 
must  of  course  have  been  driven  towards  Ceuta,  and  so 
upwards. 

Tlie  water  in  the  gut  must  be  very  deep,  several  of  the 
commanders  of  our  ships  of  war  having  attempted  to  sound  it 
with  Uie  longest  lines  they  could  contrive,  but  could  never 
find  any  bottom. 
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An  Essay  an  the  Natural  Histofy  of  Whales,    By  the  Han. 
Paul  Dudley. ~-[\125r[ 

The  right  or  whalebone  whale  is  a  large  fish,  measuring 
60  or  70  feet  in  length,  and  very  bulky,  having  no  scales,  but 
a  sofl  fine  smooth  skin ;  no  fins,  but  only  one  on  each  side, 
from  five  fiset  to  eight  fiset  long,  which  they  are  not  observed 
to  use,  but  only  in  turning  themselves,  unless  while  young, 
and  carried  by  the  dam  on  the  flukes  of  their  tails ;  when  witili 
those  fins  they  clasp  about  her  extremity,  and  so  hold  them- 
selves on.  The  eye  of  a  whale  is  about  the  size  of  an  ox's 
eye,  and  situated  m  the  hinder  part  of  the  head  on  each  side, 
and  where  the  whale  is  broadest ;  for  his  head  tapers  away 
forward  from  his  eyes,  and  his  body  tapers  away  backward ; 
his  eyes  are  more  than  half  way  his  depth,  or  nearest  his 
under  part ;  just  under  his  eyes  are  his  two  fins  before  men- 
tioned; he  carries  his  tail  horizontally,  and  with  that  he 
sculls  himself  along. 

The  scrag-whale  is  near  akin  to  the  finback ;  but  instead 
of  a  fin  on  his  back,  the  ridge  of  the  hinder  part  of  his  back 
is  scragged  with  half  a  dozen  knobs  ;  he  is  nearest  the  right 
whale  in  figure  and  for  quantity  of  oil ;  his  bone  is  white,  but 
will  not  sput. 

The  finback-whale  is  distinguishable  from  the  right  whale 
by  having  a  large  fin  on  his  back,  from  2^  to  four  feet  long, 
lie  has  tdso  two  side  fins,  as  the  whalebone-whale,  but  much 
longer,  measuring  six  or  seven  feet.  This  fish  19  somewhat 
longer  than  the  other,  but  not  so  bulky ;  much  swifter  and 
ver^  furious  when  struck,  and  held  with  great  difficulty ;  their 
oil  18  not  near  so  much  as  that  0^  the  right  whale,  and  the 
bone  of  little  profit,  being  short  and  knobby.  The  belly  of 
this  whale  is  white. 

The  bunch  or  humpback  whale  is  distinguished  from  the 
right  whale  by  having  a  bunch  in  the  place  of  the  fin  in  the 
finback.  This  bunch  is  as  large  as  a  man's  head,  and  a  foot 
hi^h,  shaped  like  a  plug  pointing  backwards.  The  bone  of 
this  whale  is  worth  but  little,  though  somewhat  better  than 
the  finback's.  His  fins  are  sometimes  18  feet  long,  and  very 
white;  his  oil  much  as  that  of  the  finback.  Both  the  finbacks 
and  humpbacks  are  shaped  in  reeves  lengthwise,  from  head 
to  tail,  on  their  bellies  and  their  sides,  as  far  as  their  fins, 
which  are  about  half  way  up  their  sides. 

The  spermaceti-whale  is  a  fish  much  of  the  same  dimen- 
sion with  the  other,  but  of  a  greyish  colour ;  whereas  the 
others  are  black ;  he  has  a  bunch  on^  his  back  like  the  hump- 
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backy  but  then  he  is  distinguished  by  not  having  any  whale- 
bone in  the  mouth ;  instead  of  which,  there  are  rows  of  fine 
ivory  teeth  in  each  jaw,  about  five  or  six  inches  long.  They 
are  a  more  gentle  fish  than  the  other  whales,  and  seldom 
-fight  with  their  tails.  The  spermaceti-oil,  so  called,  lies  in  a 
great  trunk  about  four  or  five  feet  deep,  and  10  or  12  feet . 
fong,  near  the  whole  depth,  breadth,  and  length  of  the  head, 
it  is  disposed  in  several  membranous  cells,  and  covered  not 
with  a  bone,  but  a  thick  gristly  substance  below  the  skin. 

•Their  care  of  their  young  is  very  remarkable ;  they  not 
only  carry  them  on  their  tails,  and  suckle  them,  but  often 
rise  with  them  for  the  benefit  of  the.  air  ;  and  however  they 
may  be  chased  or  wounded  by  the  cruelty  of  man,  yet  as  long 
as  they  have  sense,  and  perceive  life  in  their  young,  they  will 
never  leave  them,  nor  will  they  then  strike  with  their  tail ; 
and  if,  in  their  running,  the  young  one  loses  its  hold  and 
drops  off,  the  dam  comes  about,  and  passing  underneath, 
takes  it  on  again.  Whales  are  very  gregarious,  being  some- 
times found  100  in  a  scull,  and  are  great  travellers.  In  the 
fall  of  the  year,  the  right  or  whalebone  whales  go  westward, 
and  in  the  spring  eastward.  But  the  several  kinds  of  wliales 
do  not  mix  with  each  other,  but  each  sort  by  themselves. 

Their  way  of  breathing  is  by  two  spout-holes  in  the  top  of 
the  head.  The  spermaceti  has  but  one,  and  that  on  the  left 
side  of  the  head.  Once  in  a  quarter  of  an  hour,  when  not 
disturbed;  they  are  observed  to  rise  and  blow,  spouting  out 
water  and  air,  and  to  draw  in  fresh  air ;  but  when  pursued 
they  will  sometimes  keep  under  water  half  an  hour  or  more ; 
though  when  a  cow  has  her  calf  on  her  tail,  she  rises  much 
bflener,  for  the  young  one  to  breathe,  without  breathing 
herself. 

The  fish  that  prey  upon  the  whales,  and  often  kill  the 
young  ones,  are  by  the  whalemen  called  killers.  These  killers 
are  from  20  to  30  feet  long,  and  have  teeth  in  both  jaws  that 
lock  into  each  other.  They  have  a  fin  near  the  middle  of  their 
back  four  or  five  feet  long.  They  go  in  company  by  dozens, 
and  set  upon  a  young  whale,  and  will  bait  him  like  so  many 
buU-dogs ;  some  will  lay  hold  of  his  toil  to  keep  him  from 
threshing,  while  others  lay  hold  of  his  head,  and  bite  and 
thresh  him,  till  the  poor  creature,  being  thus  heated,  lolls 
out  4iis  tongue,  and  then  some  of  the  killers  catch  hold  of 
his  lips,  and  if  possible  of  his  tongue ;  and  after  they  have 
killed  him,  they  chiefly  feed  upon  the  tongue  and  head ;  but 
when  he  begins  to  putrefy  they  leave  him. 

Ambergris  is  found  only  in  me  spermaceti-whales,  and  con* 
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eists  of  balls  or  globular  bodies,  of  various  sizes,  from  about 
three  to  12  inches  diameter,  and  will  weigh  from  a  pound  and 
a  half  to  22  pounds,  lying  loose  in  a  large  oval  bag  or  bladder, 
of  three  or  four  feet  long,  and  two  or  three  feet  deep  and 
wide»  almost  in  the  form  of  an  ox's  bladder. 

OfMagneHcdl  Powers,  By  M,  Muschsnbsoek.^^  11725.'] 
M.  MuscHENBROEK  wished  to  try,  whether  loadstones 
operate  on  each  other  at  different  distances,  according  to  a 
certain  proportion*  He  thought,  that  if  he  took  two  magnets, 
and  hung  one  of  them  by  a  tl^ead,  at  different  distances  above 
the  other,  and  if  he  tied  the  end  of  the  thread  to  a  balance,  he 
might  weigh  the  quantity  of  the  force  with  which  the  magnets 
would  act  on  each  other ;  which  succeeded  accordingly. 

The  following  table  contains  the  experiments  made  at  the 
different  distances  of  inches  and  lines ;  and  corresponding  to 
them  are  columns,  with  the  number  of  grains  which  counter- 
poise the  force  called  attraction  at  these  distances:  — 

Distance.        Grains  Distance,  Grains 

Inches. Lines,  offeree.  Lines,     offeree. 

12        0 O2V  4 172 

10       0 0^  3 190 

9       0 Oi  2 215 

12 70^  1 250    . 

8 106  '      1 290    : 

6 131  In  the  very  point  of  contact  or  0 340    ; 

The  following  table  exhibits  the  observations  he  made  with 
another  very  good  small  magnet,  while  the  lower  terrella  was. 
the  same  as  before,  and  firmly  fixed  on  a  table :  these  experi- 
ments were  made  in  the  same  manner  as  the  former : — 

Distance.         Grains  Distance.    Grains 

Inches.  Lines,  offeree.  Lines,     of  force. 

1         0 23  2 79 

8 30i  1 140 

6 38i  i 186 

4 50J  0 340 

3 62 

But  here  again  occur  great  irregularities,  from  which 
nothing  can  be  concluded:  this  only  is  surprising,  that  though 
the  magnet  used  in  the  second  experiment  was  smaller  than 
that  in  the  first,  yet,  in  the  point  of  mutual  contact  it  was 
attracted  with  equal  forces,  namely,  340  grains,  while  in  other 
distances  the  attraction  was  much  less.  He  repeated  these 
experiments  with  other  magnets,  and  particularly  with  one 
whose  force  Tfas  so  greats  as  to  affect  a  magnetic  needle  at 
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the  distance  of  14  Rhinland  feet  Btrt  ffonr  aUL.  the  experi- 
ments he  could  only  conclude,  that  there  is  no  assignable  pro- 
portion between  the  forces  and  distances.  He  wished  to  ob- 
serve, whether  the  force  of  the  magnet  was  the  same  every 
day,  or  greater  or  less  in  summer  than  in  winter ;  but  he 
found  by  several  experiments,  that  the  force  is  less  in  summer 
than  in  winter.  Both  poles  of  the  magnet  do  not  act  with  the 
same  force :  the  north  poles  are  stronger  than  the  south. 

While  he  made  these  experiments  with  magnets  placed  at 
different  distances  from  each  other,  he  interposed  very  thick 
pieces  of  lead,  tin,  silver,  copper,  and  a  pretty  large  mass  of 
mercury,  in  order  to  see  whetiier  the  magnetic  effluvia  would 
not  be  intercepted ;  and  if  not  entirely,  yet  if  in  some  measure 
at  least:  but  he  observed,  that  whatever  bodies  he  interposed, 
the  magnetic  forces  were  always  the  same,  as  if  no  such 
bodies  at  all  intervened;  which  he  thinks,  indeed,  a  thing 
surprising,  and  not  to  be  understood :  for  we  are  not  to  sup- 
pose that  these  bodies  are  so  porous  as  to  have  no  solidity ; 
if  therefore  they  have  some  solid  parts,  as  they  have  a  great 
deal,  shall  not  these  hinder  the  approach  of  a  foreign  fluid, 
or  its  egress  from  the  magnet,  or  some  of  it  at  least ;  but  ex- 
periments show,  that  the  magnetic  forces  are  nowise  hindered. 

But  he  takes  t^e  strongest  argument  from  the  repelling 
forces  of  magn^  which  are  much  weaker  than  the  attracting 
forces,  as  app^s  from  the  experiments  below ;  so  that  a  fluid 
must  neces^ily  come  from  without  towards  the  magnet, 
which  meting  the  other  magnet,  impels  the  one  fluid  towards 
the  other,  ana  which  enters  the  magnet ;  and  because  the 
magnetic  attraction  is  much  stronger  than  the  repulsion,  a 
greater  quantity  of  the  fluid  enters  into  the  magnet  than 
passes  out  flrom  it :  whence  the  magnet  must  necessarily  be 
soon  filled  with  this  fluid,  so  as  to  be  no  longer  porous  ;  nor 
can  it  be  supposed,  that  this  fluid  is  emitted  from  all  parts  of 
the  magnet,  as  it  were ;  for  the  attraction  is  in  every  point  of 
the  magnet,  but  the  repulsion  is  only  in'the  poles.  ^ 

In  order  to  show  that  the  magnetic  repulsion  is  less  than 
the  attraction,  the  following  table  contains  the  experiments 
made  with  the  last-mentioned  magnets:  — 

Distance.  Grains  of  Distance.  Grains  of 

Inches.  lines,     repulsion.  Ijines.  repulsion. 

11       11 i  6 25i 

9        0 1  S......274 

6        1 2  4 29 

1         0 24.  1 34? 

10 2*   In  the  verypoint  of  contact  0 44 
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An  Account  ^  the  Strata  in  Coal-Mines^  Sfc.     By  John 
Stbachey,  Esq.  F.R.S.  —  [1725.] 

Mr.  S.  has  been  under  ground,  and  viewed  several  coal- 
works  in  Scotland  and  Northumberland,  and  their  several 
strata.  At  Widdrington  they  have  four  fathoms  of  day,  then  a 
seam  of  coal,  about  six  inches  thick,  not  worth  working ;  then 
a  white  freestone  ;  tlien  a  hard  stone,  called  whin  ;  then  two 
&thoms  of  clay ;  then  a  white  sofl  stone ;  and  under  that  a 
vein  of  coal  three  feet  nine  inches  thick.  This  is  a  small  coal 
of  the  same  nature,  but  not  so  good  as  the  Newcastle  coal 
which  .comes  to  London  market.  These  veins  dip  to  the 
south-east,  one  yard  in  20. 

Near  Tranent,  in  East-Lothian,  in  Scotland,  the  coal  dips 
also  to  the  south-east,  in  the  same  proportion  ;  but  at  Baldoe^ 
in  the  parish  of  Campsy,  three  miles  &om  Kylsith,  it  dips  to 
the  north-east ;  and  at  Madestone,  near  Falkirk,  to  the  same 
point,  and  in  the  same  proportion.     ^ 

The  strata  of  earths  and  minerals,  at  these  places,  agree 
very  nearly :  they  have,  as  the  ground  rises  or  falls,  one,  two, 
or  three  fathoms  of  clay ;  then  1 1  fathoms  of  slate,  or  coal- 
clives ;  one  fathom  of  limestone ;  under  that  two  fathoms  of 
slate,  earth,  and  stone ;  and  then  coal.  And  all  these  agree 
in  this,  that  the  pits  generally  need  no  timber,  and  have  a 
good  roof,  which  is  supported  by  pillars  of  coal,  which  they 
leave  in  the  working. 

At  Baldoe,  the  coal  is  commonly  45  inches  thick;  and .^11 
along,  for  some  miles  eastward  thence,  on  the  sides  of  the  hills, 
are  crops  of  coal  and  limestone ;  and  the  tenants  often  spit 
up  as  much  as  will  serve  them  for  a  winter's  burning,  just 
under  the  surface  ;  for  there  wants  a  market,  and  it  is  scarcely 
worth  working  for  sale.  And  to  the  north-west  and  north,  in 
the  drift  of  the  coal  in  higher  ground,  and  consequently  lying 
over  it>  there  appear,  in  the  sides  of  the  hills,  seams  of  spar 
and  lead,  the  drift  of  which  is  north-east,  and  lies  almost  per- 
pendicular ;  but  what  obliquity  there  is  pitches  to  the  south- 
east 

At  Auchenclaugh,  six  miles  east  from  Kylsith,  there  is  a 
coal  18  feet  thick :  Uiis  dips  one  foot  in  three,  and  is  not 
pursued,  by  reason  of  water ;  and,  for  want  of  a  market,  will 
not  pay  the  cost  of  draining. 

At  Madestone,  the  coal  is  four  feet  and  a  half  thick,  and 
above  three  fathoms  and  a  half  deep :  they  land  it  on  girls' 
backs.  Near  Tranent  three  different  veins  are  wrought ;  the 
undermost  is  about  18  fathoms  frorn^  the  surface,  called  the 
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Splenty  coal,  four  feet  and  a  half  thick ;  it  is  a  hard,  but  not 
large  coal;  it  makes  a  clear  and  strong  fire  ;  lies  ten  fathoms 
under  the  main  coal,  which  is  nine  or  ten  feet  thick,  and 
comes  out  very  large.  Its  roof  is  of  freestone,  under  which 
Mr,  S.  walked  backward  and  forward  two  hours ;  but  had  no 
opportunity  to  make  any  other  observations  on  the  upper  vein, 
than  that  it  is  about  four  feet  thick,  and  neither  so  hard  nor 
large  as  the  other. 


^i^ffi 


The  engraving  represents  the  strata  in  a  globular  projec- 
tion, supposing  die  mass  of  tlie  terraqueous  globe  to  consist 
of  the  foregoing,  or  perhaps  of  10,000  other  different 
minerals,  all  originally,  while  in  a  soft  and  fluid  state,  tending 
towards  the  centre.  It  must  mechanically,  and  almost  neces- 
sarily follow,  by  the  continual  revolution  of  the  crude  mass 
from  west  to  east,  like  the  winding  upof  a  jack,  or  rolling  up 
the  leaves  of  a  paper-book,  that  every  one  of  these  strata, 
though  they  all  rea^i  the  centre,  must,  in  some  place  or  other, 
appear  to  the  da/;  in  which  case  there  needs  no  specific 
gravitation  to  qmse  the  lightest  to  be  uppermost,  &c.  for 
every  one  in  its  turn,  in  some  place  of  the  globe  or  other,  will, 
be  uppermost ;  and  were  it  practicable  to  isink  to  the  centre 
of  the  earth,  all  the  strata,  that  are,  would  be  found  in  every 
port. 
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An  Account  cf  the  Strata  ofJBogSy  and  cf  Horns  found  under 
Grauhd  in  Ireland.  By  Mr,  Jahes  Kelly, — [1726-] 
Marl  is  found  only  in  the  bottoms  of  low  bogs,  where  it 
is  searched  for  with  augres,  and  found  at  the  deptii  of  seven, 
eight,  or  nine  feet;  this  in  many  places  occasions  great 
expence  in  draining  off  the  water.  '  For  the  first  three  feet 
they  meet  with  a  fuzzy  sort  of  earth,  called  moss,  proper  to 
make  turf  for  fuel ;  then  a  stratum  of  gravel  about  half  a  foot ; 
under  which,  for  about  three  ibet  more,  is  a  more  Idndly 
moss,  that  would  make  a  more  excellent  fuel;  this  is  alto- 
gether mixed  with  timber,  but  so  rotten,  that  the  spade  cuts 
it  as  easily  as  the  earth ;  under  this,  for  the  depth  of  three 
inches,  are  leaves,  mostly  of  oak,  that  appear  fan:  to  the  eye, 
but  will  not  bear  a  touch.  This  stratum  is  sometimes  inter- 
rupted with  heaps  of  seed,  that  seem  to  be  broom  or  finrzo 
seed ;  and  in  one  place  there  appeared  to  be  gooseberries  and 
currants ;  in  other  places  in  the  same  stratum  they  find  sea- 
weed, and  other  things  as  odd  to  be  at  that  depth ;  under 
this  appears  a  stratum  of  blue  clay,  of  half  a  foot  thidc,  fully 
mixed  with  shells ;  this  is  esteemed  good  marl,  and  thrown 
up  as  such;  then  appears  the  r^ht  -marl,  commonly  two, 
tliree,  or  four  feet  deep,  and  in  some  places  much  deeper^' 
which  looks  like  buried  lime,  or  the  lime  that  tanners  dirow 
out  of  their  lime-pits,  only  that  it  is  much  mixed  with  shells^ 
being  the  small  periwinldes,  called  fresfa-^water  wilks ;  though 
there  are  among  them  abundance  of  round  red  periwinkles^ 
such  as  are  often  thrown  out  on  the  sea-shore./ 

Among  this  marl,  and  often  at  the  bottom  of  it,  are  found 
very  great  horns,  which,  for  want  of  another  name,  are  called 
elk-horns:  where  they  join  the  head,  they  are  thidc  and 
round ;  and  at  that  joining  there  grows  out  a  branch  of  about 
a  foot  long,  that  seems  to  have  hung  just  over  the  .beast's 
eyes ;  it  grows  round  aboVe  this  for  about  a  foot  or  more ; 
then  spreads  broad,  which  ends  in  branches,  long  and  rounds 
turning  with  a  small  bend.  They  have  also  found  shanks 
and  other  bones  of  these  beasts  in  die  same  place. 


On  the  Controversy  among  MaihemaHcianSy  conoeming  ike 
Proportion  of  Vdocity  and  Force  in  Bodies  in  Motion* 
:By  the  Rev,  Dr,  Samuel  Clarke.     [1728.] 
It  is  contended,  that  the  force  of  any  body  in  motion  is  pro- 

Ktional  not  to  its  velocity,  but  to  the  square  of  its  velocity, 
e  absurdity  of  leUch  notion  I  shall  first  n^^^pear, 


2M  FACffOBTION  OV   VEI«OCITT  AND  VOBCB, 

aiiid  then  show  what  it  is  that  has  led  these  gendemen  into 
error. 

In  the  nature  of  things,  it  is  evident,  that  every  effect  must 
necessarily  be  proportionate  to  the  cause  of  that  effect;  that 
is,  to  the  action  of  the  cause,  or  the  power  exerted  at  the  time 
when  the  effect  is  produced.  To  suppose  any  effect  propor- 
tional to  the  square  or  cube  of  its  cause,  is  to  suppose  that  an 
effect  arises  partly  from  its  cause,  and  partly  from  nothing. 

In  a  body  in  motion,  there  may  be  considered,  distinctly, 
the  qoantity  of  the  mattery  and  the  velocity  of  the  motion, 
fhe  force  arising  from  the  quantity  of  the  matter,  as  its 
cause,  must  necessarily  be  proportional  to  the  quantity  of  the 
matter ;  and  the  force  arising  from  the  velocity  of  the  motion, 
as  its  cause,  must  necessarily  be  proportional  to  the  velocity 
of  the  motion.  The  whole  force,  therefore,  arising^from  these 
two  causes  must  necessarily  be  proportional  to  these  two 
causes  taken  together.  And,  therefore,  in  bodies  of  equal  size 
and  density,  or  in  one  and  the  same  body,  the  quantity  of 
matter  continuing  always  the  same,  the  force  must  necessarily 
be  alwayu  proportional  to  the  velocity  of  the  motion.  If  the 
force  were  as  the  square  of  the  velocity,  all  that  port  of  the 
force,  whidi  was  above  the  proportion  of  the  velocity,  would 
arise  out  of  nothing. 

Whenever  any  effect  whatever  is  in  a  duplicate  proportion, 
or  as  the  square  of  any  cause,  it  is  always  either  because 
there  are-  two  causes  acting  at  the  same  time,  or  that  one 
and  the  same  cause  continues  to  act  for  a  double  quantity  of 
time. 

The  resistance  made  to  a  body  moving  in  any  fluid  medium 
is  in  a  duplicate  proportion  to  the  velocity  of  its  motion ; 
because,  in  proportion  to  its  velocity,  it  is  resisted  by  a 
greater  number  of  particles  in  the  same  time ;  and  again,  in 
proportion  to  its  velocity,  it  is  resisted  by  the  same  particles 
singly  with  a  greater  force,  as  being  to  be  moved  out  of  their 
places  with  greater  velocity. 

What  I  have  thus  demonstrated  concemmg  any  force,  con- 
sidered as  the  cause  producing  an  effect,  and  concerning  the 
time,  during  which  Uie  force  operates,  is  on  all  hands  ac- 
knowledged to  be  true  concerning  velocity.  And,  therefore, 
velocity  and  fbrce,  in  this  case,  are  one  and  the  same  thing. 
JSo  that  to  affirm  force  to  be  as  the  square  of  the  velocity^  is 
to  affirm  that  the  force  is  equal  to  the  square  of  itself. 
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Cbfervaiions  made  by  a  young  Gentleman^  who  was  bom 

bUndy  or  loU  his  Siyht  so  earfy^  that  he  had  no  Remembrance 

(^  ever  having  seeuy  and  was  couched  between  IS  and  14 

Years  of  Age.    By  Mr.  Wiujau  Chssssldbn^  F.B.  S. 

This  joung  gentleman  knew  colours  asunder  in  a  good 

light,  yet  when  he  saw  them  after  he  was  couched,  the  faint 

i&as  ne  had  of  them  before  were  not  sufficient  for  him  to 

know  them  by  afterwards ;  and  therefore  he  did  not  think 

them  the  same,  which  he  had  before  known  by  those  names. 

l!low  scarlet  he  thought  the  most  beautiful  of  all  colours,  and 

o^others  the  most  gay  were  the  most  piquing ;  whareas  the 

'  first  time  he  saw  black,  it  gave  him  great  uneasiness,  yet  after 

a  little  time  he  was  reconciled  to  it ;  but  some  months  after, 

seeing  by  accident  a  negro  woman,  he  was  struck  with  great 

horror  at  the  sight. 

When  he  first  saw,  he  was  so  far  from  making  any  juc^- 
ment  about  distances,  that  he  thought  all  objects  whatever 
touched  his  -eyes,  as  he  expressed  it,  as  what  he  felt  did  his 
skin;  and  thought  no  dbjects  so  agreeable  as  those  which 
were  smooth  and  r^ular,  thoijgh  he  could  form  no  judgment 
of  their  shape,  or  guess  what  it  was  in  any  object  that  was 
pleasing  to  him. 

He  knew  not  the  shape  of  any  thing,  nor  any  one  thing 
^m  another,  however  dmerent  in  shape  or  magnitude ;  but 
on  being  told  what  things  were,  whose  form  he  before  knew 
from  feeling,  he  would  carefully  observe,  that  he  might  know 
them  again ;  but  having  too  many  objects  to  learn  at  once,  he 
forgot  many  of  them ;  and,  as  he  said,  at  first  he  learned  to 
know,  and  again  forgot  A  thousand  things  in  a  day. 

One  particular  only,  though  it  may  appear  trining,  Mr.  C. 
relates :  having  often  forgot  whicH  was  the  cat,  and  which 
the  dog,  he  was  ashamed  to  ask;  but  catching  the  cat, 
which  he  knew  by  feeling,  he  was  observed  to  look  at  her 
steadfastly,  and  then  setting  her  down,  said,  So,  puss  !  I  shall 
know  you  another  time. 

.  He^was  very  much  surprised,  that  those  things  which  he 
had  liked  best  did  not  appear  most  agreeable  to  his  eyes,  ex- 
pecting those  persons  would  appear  most  beautiful  that  he 
loved  most,  ana  such  things  to  be  most  agreeable  to  his  sight 
that  were  so  to  his  taste.  They  thought  he  soon  knew  what 
pictures  represented,  which  w^e  showed  to  him,  but  they 
found  afterwards  they  were  mistaken :  for  about  two  raontlis 
after  he  t«|^  couched,  he  discovered,  at  once,  they  represented 
solid  bodies ;  when  to  that  time  he  considered  them  only 
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as  party-coloured  planes,  or  surfaces  diversified  with  va- 
riety of  paint;  but  even  then  he  was  no  less  surprised, 
expecting  the  pictures  would  feel  like  the  things  they 
represented,  and  was  amazed  when  he  found  those  parts, 
which  by  their  light  and  shadow  appeared  now  round  and 
uneven,  felt  only  fiat  like  the  rest ;  and  asked  which  was  the 
lying  sense,  feeling,  or  seeing  ? 

Being  shown  his  Other's  picture  in  a  locket  at  his  mollier's 
watch,  and  told  what  it  was,  he  acknowledged  a  likeness,  but 
was  vastly  surprised;  askings  how  it  could  be  that  a  large 
face  could  be  expressed  in  so  little .  room,  sa3ring,  it  should 
have  seemed  as  impossible  to  him  as  to  put  a  biuhel  of  any 
thing  into  a  pint. 

At  first,  he  could  bear  but  very  little  sight,  and  the  things 
he  saw  he  thought  extremely  large ;  but  on  seeing  things 
larger,  those  first  seen  he  conceived  less,  never  being  able  to 
4raagine  any  lines  beyond  the  bounds  he  saw ;  the  room  he  was 
in  he  said  he  knew  to  be  but  part  of  the  house,  yet  he  could 
not  conceive  that  the  whole  house  could  look  Isurger.  Befi>re 
he  was  couched,  he  expected  little  advantage  fi*om  seeing, 
worth  undergoing  an  operation  for,  except  reading  and  ¥^it- 
Jng ;  for  he  said  he  thought  he  could  have  no  more  pleasure 
in  walking  abroad  than  he  had  in  the  garden,  which  he  could 
do  safely  and  readily.  And  even  blindness,  he  observed,  had 
this  advantage,  that  he  could  go  any  where  in  the  dark  mucb 
better  than  those  who  can  see ;  and  after  he  had  seen,  he  did 
not  soon  lose  this  quality,  nor  desire  a  li^ht  to  go  about  the 
house  in  the  night. 

He  said,  every  new  object  was  a  new  del^ht,^  ami  the 
pleasure  was  so  great,  •  that  he  wanted  ways  to  express  it ; 
but  his  gratitude  to  his  operator  he  could  not  conc^,  never 
seeing  him  for  some  time  without  tears  of  joy  m  his  ejeSy  and 
otiber  marks  of  affection  ;  and  if  he  did  not  happen  to  come  at 
any  time  when  he  was  expected,  he  would  be  so  grieved,  that 
he  could  not  forbear  crying  at  his  disiq»pointment. 

A  year  after  first  seemg,  being  carried  upon  Epsom  Downs, 
and  observing  a  large  prospect,  he  was  exceedingly  delighted 
.With  it,  and  called  it  a  new  kind  of  seeing.  And  now  being 
lately  couched  of  his  other  eye,  he  says,  that  objects  at  first 
Speared  large  to  this  eye,  but  not  so  large  as  the^  did  at 
first  to  the  oSier ;  and  looking  on  the  same  object  with  both 
eyes,  he  thought  it  looked  about  twice  as  large  as  with  the 
first  couched  eye  only,  but  not  doubloi  that  tiiey  could  any 
ways  discover* 
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An  Account  of  Mlepkanid  amd  Mammotki  Teeth  and  JSaneSf 

fcntnd  under  Ground.    By  Sir  Hans  ^S^xo^i^x.— [1728.] 

It  is  observable,  that  among  the  vast  variety  of  extraneous 

substances,  lodged  and  found  in  several  layers  of  the  earth, 

at  considerable  depths,  where  it  is  impossible  that  they  should 

have  been  bred,  there  are  not  so  many  productions  of  the 

'  earth  as  of  the  sea.     And  again,  among  those  which  must 

have  originally  belonged  to  the  earth,  there  are  many  more 

remains  of  vegetables  than  of  land  animals. 

It  appears,  however,  by  the  histories  of  past  times,  and  the 
accounts  of  many,  both  ancient  and  modem  authors,  that 
bones,  teeth,  and  sometimes  almost  whole  skeletons  of  men 
aiid  animals,  have  been  dug  up,  in  all  ages  of  which  we  have 
histories,  and  almost  in  all  parts  of  the  world,  of  which  the 
most  remarkable  for  their  unusual  size  have  been  also  the 
most  noticed.  Thus,  for  instance,  in  Ireland  there  have  bedi 
found  the  horns,  bones,  and  almost  entire  skeletons  of  a 
very  large  sort  of  deer,  which  is  commonly  believed  to  haite 
been  the  moose-deer,  an  animal  of  an  uncommon  size,  some 
of  which  kind  are  thought  to  be  still  living  in  some  remote 
and  unfrequented  parts  oS  the  continent  of  America. 

The  tusk  of  an  elephant  was  taken  up,  12  feet  deq>,  from 
among  sand,  or  loam,  in  digging  for  gravel  at  the  end  of 
Grray's  Inn  Lane. 

An  extraordinary  elephant's  tooth,  one  of  those  which 
mm  out  of  the  upper  jaw,  and  which  for  their  magnitude  and 
tength  have  by  some  writers  been  accounted  homs^  was  lately 
taken  out  of  the  earth  by  digging  in  Bowdon-p«rva  Fidd  in 
Northamptonshire.  Even  the  native  colour  of  it  has  been  in 
a  great  measure  preserved ;  but  it  is  become  brittle  with  lying 
in  the  earth  ;  and  was  broken  into  three  or  four  pieces  trans- 
versely by  the  diggers  in  taking  it  up.  One  of  them  is  some- 
what above  a  yard,  the  other  is  two  feet  in  length  ;  but  ti^ 
whole  tooth  must  needs  have  been  at  least  six  feet  long ;  the 
thickest  part  of  the  larger  piece  is  16  inches  round.  The 
tooth  lay  buried  above  five  feet  deep  in  the  earth.  The  strata, 
from  the  surface,  downwards  to  die  place  where  the  tooth 
was  lodged,  were  as  follows:  1.  The  soil  IS  or  14  inches. 
2.  Loam,  a  foot  and  a  half.  S.  Large  pebbles,  with  a  siiifdl 
mixture  of  earth  among  them,  two  feet  and  a  half.  4.  Blue 
clay.  In  the  upper  part  of  this  stratum  the  tooth  was  found. 
The  tusk  of  an  elephant,  remarkable  for  its  largf*  size,  aiid 
for  its  being  so  very  entire,  was  found  under  ground  in  Si- 
beria.   Tlie  like  tusks,  and  oUier  bones  of  die^elephant,  are 
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found  in  sundiy  parts  of  Siberia  to  a  considenible  quantity, 
and  the  tusks  and  teeth  in  particuiar,  when  less  corrupteci, 
ar^  used  all  over  Russia  for  ivoiy.  Henricus  Wilhdlmus  Lu- 
dolfus,  in  the  Appendix  to  his  Kussian  Grammar,  mentions 
them  among  the  minerals  of  Russia,  by  the  name  of  Mam  < 
motovoikosty  and  says,  that  the  Russians  believe  them  to  b<jt 
the  teeth  and  bones  of  an  animal  living  under  ground,  larger 
than  any  one  of  those  above  ground. 

Among  the  hills  to  the  north-east  of  Makofskoi,  the  mam- 
moths' tongues  and  legs  are  found ;  as  they  are  also  par- 
ticularly on  the  shores  of  the  rivers  Jenisei,  Trugan,  Man- 
gasea,  Lena,  and  near  Jakutskoi,  to  as  far  as  the  frozen  sea. 
The  old  Siberian  Russians  affirm,  that  the  mammoth  is  very 
like  the  elephant,  with  this  only  difference,  that  the  teeth  of 
the  former  are  firmer,  and  not  so  straight  as  those  of  the 
latter.  They  also  are  of  opinion,  that  there  were  elephants 
in  this  country  when  this  climate  was  warmer :  but  that  after 
the  deluge,  the  air,  which  was  before  warm,  was  changed  to  cold, 
and  that  these  bones  have  lain  frozen  in  the  earth  ever  sinccy 
and  so  arepreserved  from  putr^u;tio%  till  they  thaw  and  come 
to  li^t.  lliese  animals  must  be  of  necessity  very  large,  though 
a  great  many  lesser  teeth  are  found*  But  no  person  ever  eaw 
one  of  these  beasts  alive,  or  can  give  any  account  of  its  shape. 

Lawrence  Lang,  in  the  Journal  of  his  Travels  to  China, 
takes  notice  of  these  bones,  as  being  found  about  the  river 
Jenisei,  and  towards  Mangasea,  along  the  banks,  and  in  the 
hollows  occasioned  %y  the  &11  of  the  eartli.  He  calls  them 
maman-bones,  and  informs  us  that  some  of  the  inhabitants  are 
of  opinion,  that  they  are  the  bones  of  the  Behemoth,  men- 
tioned in  the  40th  chapter  of  Job.  The  same  author  affirms, 
from  the  report,  as  he  says,  of  credible  people,  that  there 
have  been  sometimes  found  horns,  jaw-bones,  and  ribs,  with~ 
fresh  flesh  and  blood  sticking  to  them.  The  same  is  con- 
firmed by  John  Bernard  Muller,  in  his  account  of  the  Ostiacks ; 
who  adds,  that  the  horns  in  particular  have  been  found  some- 
times  all  bloody  at  the  broken  end,  which  is  generally  hollow, 
and  filled  with  a  matter  like  concreted  blood;  that  tbey  find, 
together  with  these  teeth,  or  horns,  as  he  calls  them,  the 
sl^U  and  jaw-bones,  with  the  grinders  still  fixed  in  them,  dl 
of  a  monstrous  size ;  and  that  he  himself,  with  some  of  liis 
friends,  has  seen  a  grinder  weighing  more  than  24  lb. 

The  accounts  hitherto  given  of  these  maman-bones  and 
teeth,  or  at  least  their  most  essential  parts,  are  confirmed  by  a 
letter  of  BasiUus  Tatischow,  director-general  of  the  mines  in 
Siberia,  where  he  mentions  the  followmg  pieces  he  had  in  his 
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•  o^m  possession :  a  lar^  horn,  as  he  calls  it,  or  tooth,  weiring 
18S  pounds,  which  he  had  the  honour  to  present  to  his 
Czarish  majesty,  and  is  now  kept  in  the  Czar's  collection  of 
curiosities  at  Petersburgh ;  another  large  horn,  which  he  pre-* 
seated  to  the  Imperial  Academy  at  Petersburgh ;  anotiier 
still  laiger  than  either  of  these  two,  which  he  caused  to  be  cat, 
and  carved  himself  several  things  from  it»  the  ivory  being  very 
good ;  part  of  the  skull,  corrupted  by  having  lain  in  the 
ground,  and  so  large,  that  it  seemed  to  him  to  be  of  the  same 
size  with  the  skull  of  a  great  elephant ;  the  forehead,  in  par- 
ticular, was  very  thick,  and  had  an  excrescence  on  each  side, 
where  the  horns  are  usually  fixed. 

In  Sir  Hans  Sloane's  collection  is  one  of  the  grinders  of 
an  elephant,  which  was  likewise  found  in  Northamptonshire. 
The  above  tooth  was  lodged  at  almost  12  feet  depth  in  earth. 
Above  it  were  the  following  strata:  1.  The  top  earth,  a 
blackish,  clayey  soil,  about  16  inches.  2.  Sandy  day  inter- 
mixed with  pebbles,  Gve  feet.  S.  A  blackish  sand,  with  small 
white  stones  in  it,  one  foot  4.  A  loamy,  softer  sort  of 
gravel,  one  foot.  5.  A  sharper  gravel,  about  two  feet.  The 
tooth  was  found  a  foot  and  a  half  deep  in  this  stratum  of 
gravel.    Below  this  fifth  stratum  there  was  a  blue  clay. 

In  his  collection  of  quadrupeds  and  their  parts  is  part  -of 
an  elephant's  skull,  whic^i  was  found  at  Gloucester  afler  the 
^ear  1630,  with  some  large  teeth,  SQme  five,  others  sev^ 
inches  in  compass. 


Observations  towards  composing  a  Natural  History  if  Mim$ 
and  Metals.    By  Dr.  Njcholls.--  [1728.] 

Of  all  the  substances  concurring  to  form  the  terrestrial 
globe,  laoN  probaUy  bears  the  greatest  share  ;  as  it  not  only 
abounds  in  most  kinds  of  stone,  showing  itself  in  varieties  of 
crocus,  aU  which  gain  a  more  intense  colour  by  fire ;  but  also 
enters  greatly  into  the  composition  of  common  clay;  as  may 
be  judged  from  the  similitude  of  colour  between  clay  and  dry 
iron  ore ;  firom  the  easy  vitrification  of  clay  ;  firom  the  resem- 
blance between  clay  so  vitrified  and  the  clinkers  of  iron ;  from 
its  deep  red  colour  after  calcination ;  and,  lastly,  firom  its 
3rieding  pure  iron,  by  being  burned  with  oil. 

When  most  pure,  the  ore  is  found  under  three  different  ap- 
pearances. 1.  A  rich  dry  ore,  whose  scrapings  exactly  re- 
semble an  alkohol  martis :  this  kind  of  iron  ore  has  very 
nearly  the  colour  of  common  clay.  2.  A  rich  iron  ore,  with 
part  of  the  wall  of  the  load  formed  by  a  concretion  of  yeUow 
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crystals.  In  this  stone  the  iron  radiates  from  points  forming 
segments  of  spheres,  and  where  these  spheres  leave  any  in- 
terstices is  found  a  crocus,  or  ochre.  3.  A  stone  of  iron  of 
the  kind  used  for  burnishing  plate ;  it  is  of  the  species  of  the 
hiematites.  Both  these  last  stones  scrape  into  a  deep  crocus. 
And  from  the  second  instance  we  may  conjecture,  that  the 
yellow  colour  in  crystals  arises  from  a  crocus  entangled  with 
the  stony  salts. 

The  metallic  substance  found  in  Cornwall,  and  from  which 
these  islands  are  supposed  to  take  their  name,  is  Tin.  It  is 
never  found  but  as  an. ore  ;  whereas  gold  is  never  found  but 
as  a  metal,  at  least  its  ore  is  unknown,  and  all  other  metals 
are  found  sometimes  as  a  metal,  and  sometimes  as  an  ore. 
Tin  always  shoots  into  crystals,  which  are  of  different  mag« 
nitudes,  from  two  ounces  in  a  single  crystal,  to  such  as 
escs^e  our  sight.  These  crystals  are  for  the  most  part  in- 
•tejhspered  in  loads  of  other  substances.  As,  1.  Tin  crystals 
interspersed  in  a  load  of  a  kind  of  clay,  in  whidi  is  observable 
a  considerable  quantity  of  red  ochre.  2.  A  kind  of  hard  iron 
stone,  in  which  are  very  small  crystals  of  tin.  3.  Some* 
what  larger  crystals,  interspersed  in  a  dry  red  ochre.  4.  Tin 
crystals,  interspersed  with  spar  stone  and  a  sort  of  marl, 
5.  Larger  crystals,  interspersed  in  a  kind  of  clay  and  red 
ochre.  .When  100  sacks  of  the  load,  each  containing  more 
than  a  Winchester  bushel,  yield  one  gallon  of  clean  ore,  the 
load  is  esteemed  very  well  worth  working.  Sometimes  tiiese 
crystals  are  so  collected  into  one  mass  as  to  form  loads  of 
pure  tin  ore,  and  so  large  as  to  yield  to  the  value  of  lOOi. 
every  24  hours. 

The  crystals  seem  to  be  the  heaviest  bodies  the  earth  pro- 
duces, except  quicksilver  and  real  metals.  Their  specific 
gravity  is  to  water,  as  90^  to  10;  to  rock  crystal  in  water, 
as  90^  to  26 ;  to  diaonond,  as  90^  to  34;  and  to  pure  malleable 
tin,  as  found  by  repeated  trials,  as  90}  to  78 ;  fiK>m  whence 
appears  the  possibility  of  what  some  miners  affirm,  viz.  that 
a  cubic  inch  of  some  tin  ores  will  yield  more  than  a  cubic 
inch  of  metal. 


A  new  Apparent  Motion  discovered  in  the  Fixed  Stars;  its 

Cause  assigned;  the  Velocity  and  Equable  Motion  of  Light 

deduced.    By.  the  Rev.  Jambs  Bradley.  —  [1 728.] 

Ma.  MoLYNBUx's  apparatus  was  completed,  and  fitted  for 

observmg,  about  the  end  of  November,  1725,  and  on  De- 

cember  3.  following,  the  bright  star  in  the  head  of  Draco^ 
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marked  7  by  Bayer,  was  for  the  first  time  observed,  as  it 
paissed  near  the  zenith,  and  its  situation  carefully  taken 
with  the  instrument.  The  like  observations  were  made  on 
the  5th,  11th,  and  12th  days  of  the  same  month,  and  there 
appearing  no  material  difference  in  the  place  of  the  star,  a 
further  repetition  of  them  at  this  season  seemed  needless,  it 
being  a  part  of  the  year  when  no  sensible  alteration  of  pa- 
rallax in  this  star  could  soon  be  expected.  It  was  chiefly 
therefore  curiosity  that  tempted  Mr.  Bradley,  being  then  at 
Kew,  where  the  instrument  was  fixed,  to  prepare  for  observing 
the  star  on  Dec.  17^  when  having  adjusted  the  instrument  as 
usual,  he  perceived  that  it  passed  a  little  more  southerly  this 
day  than  when  it  was  observed  before.  This  sensible  alter- 
ation the  more  surprised  them,  as  it  was  the  contrary  way 
from  what  it  would  have  been,  had  it  proceeded  from  an 
annual  parallax  of  the  star;  about  the  beginning  of  March, 
1726,  the  star  was  found  to  be  20"^  more  southerly  than  at 
the  time  of  the  first  observation.  It  now,  indeed,  seemed  to 
have  arrived  at  its  utmost  limit  southward,  because  in  several 
trials  made  about  this  time,  no  sensible  difference  was  Ob* 
served  in  its  situation.  By  the  middle  of  April  it  appeared  to 
be  returning  back  again  towards  the  north ;  and  about  the 
beginning  of  June  it  passed  at  the  same  distance  firom  the 
zenith  as  it  had  done  in  December,  when  it  was  first  ob- 
served. 

A  nutation  of  the  earth's  axis  was  one  of  the  first  things 
that  offered  itself  on  this  occasion ;  but  it  was  soon  found  to 
be  insufficient ;  for  though  it  might  have  accounted  for  the 
change  of  declination  in  7  Draconis,  yet  it  would  not  at  the 
same  time  agree  with  the  phenomena  in  other  stars :  parti- 
cularly in  a  small  one  almost  opposite  in  right  ascension  to  7 
Draconis,  at  about  the  same  distance  from  the  north  pole  of 
the  equator ;  for,  though  this  star  seemed  to  move  the  saitaie 
way,  as  a  nutation  of  the  earth's  axis  would  have  made  it,  yet 
changing  its  declination  but  about  half  as  much  as  7  Draconis 
in  the  same  time,  as  appeared  on  comparing  the  observations 
of  both  made  on  the  same  days,  at  different  seasons  of  the 
year, .this  plainly  proved  that  the  apparent  motion  of  the 
stars  was  not  occasioned  by  a  real  nutation,  since  if  that  had 
been  the  cause,  the  alteration  in  both  stars  would  have  been 
nearly  equal. 

When  the  year  was  completed,  he  began  to  examine  and 
compare  his  observations;  and  having  pretty  well  satisfied 
lumself  as  to  the  general  laws  of  the  phenomena,  he  then  en- 
deavoured to  find  out  the  cause  of  them.    He^  was  already 
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convinced^  that  the  apparent  motion  of  the  stars  was  not 
owing  to  a  nutation  of  the  earth's  axis.  The  next  thing  that 
offered  itself  was  an  alteration  in  the  direction  of  the  plumb- 
line,  with  which  the  instrument  was  constantly  rectified;  but 
this,  upon  trial,  proved  insufficient.  He  then  considered  what 
refraction  might  do;  but  here  also  nothing  satisfactory  oo 
curred.  At  last  he  conjectured,  that  all  the  phenomena 
hitherto  mentioned,  proceeded  from  the  progressive  motion 
of  light  a$id  the  eartKs  anmud  motion  in  its  orbvL  For  he 
perceived  that,  if  light  was  propagated  in  time,  the  apparent 
place  of  a  fixed  object  would  not  be  the  same  when  the  eye 
IS  at  rest,  as  when  it  is  moving  in  any  other  direction,  than 
that  of  the  line  passing  through  the  eye  and  object;  and  that, 
when  the  eye  is  moving  in  d^erent  directions,  the  af^iarent 
place  of  the  object  would  be  different. 

JVL*.  B.  considered  this  matter  in  the  following  manner. 
He  imagined  C  A  to  be  a  ray  of  light,  falling 
perpendicularly  on  the  line  BD:  then  if  the 
eye  be  at  rest  at  A,  the  object  must  appear  in 
the  direction  A  C,  whether  light  be  propagated 
in  time  or  in  an  instant.  But  if  the  eye 
be  moving  from  B  towards  A,  and  light  be 
propagated  in  time,  with  a  velocity  that  is  to 
the  velocity  of  the  eye  as  CA  to  BA;  then 
light  moving  from  C  to  A,  while  the  eye  moves 
from  B  to  A,  that  particle  of  it,  by  which  the 
object  will  be  discerned,  when  the  eye  in  its 
motion  comes  to  A,  is  at  C  when  the  eye  is  at  B. 
Joining  the  points  B  C,  he  supposed  the  line 
CB  to  be  a  tube,  inclined  to  the  line  BD,  in 
the  angle  D  B  C,  of  such  a  diameter,  as  to  adroit 

of  but  one  particle  of  light ;  then  it  was  easy  [ 

to  conceive,  that  the  particle  of  light  at  C,  byD 
which  the  object  must  be  seen  when  the  eye,  as  it  moves 
along,  arrives  at  A,  would  pass  through  the  tube  BC, 
if  it  is  inclined  to  BD  in  the  angle  DBC,  and  accompanies 
the  eye  in  its  motion  from  B  to  A ;  and  that  it  couM  nof 
come  to  the  eye,  placed  behind  such  a  tube,  if  it  had  any  (tther 
inclination  to  the  line  BD.  If  instead  of  supposing  CB  so 
small  a  tube,  we  imagine  it  to  be  the  axis  of  a  larger ;  then 
for  the  same  reason,  the  particle  of  light  at  C  could  not  pass 
through  that  axis,  unless  it  is  inclined  to  BD,  in  the  angle 
CBD,  In  like  manner,  if  the  eye  moved  the  contrary 
way,  from  D  towards  A,  with  the  same  velocity,  then  the 
tube  must  be  inclined  in  the  angle  BDC.  Although,  there- 
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fore,  the  true  or  real  place  of  an  object  is  perpendicular  to 
the  line  in  which  the  eye  is  moving,  yet  the  visible  place  will 
not  be  so,  since  that  must  be  in  the  direction  of  tne  tube ; 
but  the  difference  between  the  true  and  apparent  place  will 
be^  caeteris  paribus,  greater  or  less,  according  to  the  difierent 
proportion  between  the  velocity  of  light  and -that  of  the 
eye.  So  that  if  we  could  suppose  that  light  was  propagated 
in  an  instant,  then  there  would  be  no  difference  between  the 
real  and  visible  place  of  an  object,  though  the  eye  were  in 
motion ;  for  in  that  case,  AC  being  infinite  with  respect  to 
A  B,  the  angle  A  CB,  the  difference  between  the  true  and  vi^ 
sible  place,  vanishes.  But  if  light  be  propagated  in  time^ 
which  will  readily  be  allowed  by  most  of  the  philosophers  of 
this  age,  then  it  is  evident  from  the  foregoing  considerations^ 
that  there  will  be  always  a  difference  between  the  real  and 
visible  place  of  an  object,  unless  the  eye  is  moving  either  di- 
rectly towards  or  from  the  object.  And  in  aU  cases,  the  sine 
of  the  difference  between  th^  real  and  visible  place  of  the 
object  will  be  to  the  sine  of  the  visible  inclination  of  the 
object  to  the  line  in  which  the  eye  is  moving,  as  the  velocity 
of  the  eye  to  the  velocity  of  light. 

It  is  well  known,  that  Mr.  Romer,  who  first  attempted  to 
account  for  an  apparent  inequality  in  the  times  of  the  eclipses 
of  Jupiter's  satellites,  by  the  hypothesis  of  the  progressive 
motion  of  light,  supposed  that  it  spent  about  1 1  minutes  of 
time  in  its  passage  from  the  sun  to  us ;  but  it  has  since  been 
concluded  by  others,  from  the  like  eclipses,  that  it  is  propa* 
gated  as  &r  in  about  seven  minutes.  The  velocity  of  light, 
therefore,  deduced  from  the  foregoing  hj^thesis,  is,  as  it 
were,  a  mean  between  what  had  at  different  times  been 
determined  from  the  eclipses  of  Jupiter's  satelHtes. 

These  different  methods,  of  finding  the  velocity  of  light  . 
thus  agreeing  in  the  result,  we  may  reasonably  conclude,  not 
only  that  these  phenomena  are  owing  to  the  causes  to  which 
they  have  been  ascribed ;  but  also,  that  light  is  propagated,  in 
the  same  medium,  with  the  same  velocity  after  it  has  been' 
reflected,  as  before :  for  this  will  be  the  consequence,  if  we 
allow  that  the  light  of  the  sun  is  propagated  with  the  same 
velocity,  before  it  is  reflected,  as  the  light  of  the  fixed  stars.- 
And  this  will  scarcely  be  questioned,  if  it  can  be  made  appear 
that  the  velocity  of  die  light  of  all  the  fixed  stars  is  equm,  and 
that  their  light  moves,  or  is  propagated,  through  equal  spacer 
in  equal  times,  at  all  distances  from  them :  both  which  points 
appear  to  be  sufficiently  proved  from  the  apparent  alteration 
of  the  declination  of  stars  of  different  lustre ;  for  that  is  not 
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sensibly  different  in  such  stars  as  seem  near  together,  though 
they  i^[>pear  of  very  different  magnitudes.  And  whatever 
their  situations  are,  if  we  proceed  according  to  the  foregoing 
hypothesis,  the  same  velocity  of  light  is  found  from  his  ob- 
3ervations  of  small  stars  of  the  iiflh  or  sixth,  as  from  those 
of  the  second  and  third  magnitude,  which  in  all  probability 
are  placed  at  very  different  distances  from  us. 

•  The  parallax  of  the  fixed  stars  is  much  smaller  than  has 
been  hitherto  supposed  by  those  who  have  pretended  to 
deduce  it  from  their  observations.  Mr.  B.  thinks  he  may 
venture  to  say,  that  in  either  of  two  stars  it  does  not  amount 
to  2".  He  thinks  that  if  it  were  1"  he  should  have  perceived 
it  in  the  great  number  of  observations  he  made,  especially  of 
y  Draconis;  which  agreeing  with  the  hypothesis,  without  al- 
lowing any  thing  for  parallax,  nearly  as  well  when  the  sun 
•was  in  conjunction  with,  as  in  opposition  to,  this  star,  it  seems 
very  probable  that  its  parallax  is  not  so  great  as  one  single 
second;  and,  consequently,  that  it  is  above  400,000  times 
&rther  from  us  than  the  sun. 


Observations  made  in  a  Journey  to  the  Peak  in  Derbyshire. 
By  Mr.  J.  Martyn,  F.  R.  S. — [1729.] 

The  Peak  in  Derbyshire  is  famous  for  seven  places,  which 
our  ancestors  have  deemed  wonders :  1.  Chatsworth,  a  mag- 
nificent seat  of  His  Grace  the  Duke  of  Devonshire ;  2.  Mam- 
tor;  S.  £lden-hole;  4.  The  ebbing  and  flowing  well;  5.  Bux- 
ton-well ;  6.  Peak's  hole ;  and,  7.  Pool's  hole. 

The  first  being  a  work,  not  of  nature,  but  art,  does  not 
come  within  the  design  of  this  account. 

Mam-tor  is  a  huge  precipice  facing  the  east,  or  south-east, 
which  is  said  to  be  perpetually  shivering,  and  throwing  down 
great  stones  on  a  smaller  moimtain  below  it ;  and  yet,  neither 
the  one  increases,  nor  the  other  decreases  in  size.  This 
mountain  is  chiefly  composed  of  a  sort  of  slate-stone,  called 
in  that  country  black  shale,  and  great  stone.  The  nature  of 
the  black  shale  is  such,  that  though  it  be  very  hard  before  it 
is  exposed  to  the  air,  yet  it  is  afterwards  very  easily  crumbled 
to  dust. 

Elden-hole  is  a  huge  perpendicular  chasm  of  unknown 
dq)th.  Mr.  Cotton  says,  that  he  sounded  884  yards,  and  yet 
the  plummet  drew.  But  he  might  easily  be  deceived,  unless 
his  plummet  was  of  a  very  great  weight ;  for  otherwise  the 
weight  of  a  rope  of  that  leng3i,  would  be  so  great,  as  to  make 
the  landing  of  the  plummet  scarcely  perceive^.    Be  that  as 
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it  may,  the  depth  is,  doubtless,  very  considerable  ;  and  as  we 
have  no  where  in  England  so  goo^  an  opportunity  of  seardi* 
ing  tlie  bowels  of  the  earth  to  so  great  a  depth,  it  is  extra* 
ordinary  no  curious  person  has  ever  had  the  courage  to  ven* 
ture  down.  It  is  said,  indeed,  tliat  a  poor  fellow  was  hired  to 
be  let  down  with  a  rope  about  his  middle,  200  yards ;  and 
that  lie  was  drawn  up  again  out  of  his  senses,  and  died  a  few 
days  afler.  But  probably  if  any  intelligent  and  prudent  per* 
son  was  to  be  let  down  in  a  proper  machine,  he  would  not 
be  much  in  danger,  and  his  fatigue  would  be  very  inconsi* 
derable. 

Tlie  ebbing  and  flowing  well  is  far  from  being  regular,  as 
some  have  pretended.  It  is  very  seldom  seen  by  the  neigh* 
hours  themselves ;  and  Mr.  M.  waited  a  good  while  at  it  to 
no  purpose. 

Buxton-well  has  been  esteemed  a  wonder,  on  account  of 
two  springs,  one  warm  and  the  other  cold,  rising  near  each 
other.  But  the  wonder  is  now  lost,  both  being  blended. to* 
gether.  The  spring  which  is  now  used  for  bathing  appears 
to  be  32^  degrees  of  one  of  Mr.  Hauksbee's  thermometers 
warmer  than  the  common  spring*water  there,  or  82  of  Fah* 
renheit.  The  spring-water  kept  the  spirit  of  wine  at  41,  the 
Bath  water  raised  it  to  SOj^. 

Peak's  hole  and  Poolers  hole  are  too  remarkable  horizontal 
openings  under  mountains,  the  one  near  Castleton,  the  other 
just  by  Buxton.  They  seem  to  have  owed  their  origin  to  the 
springs  which  have  tneir  current  through  them.  It  is  easy 
to  imagine,  that  when  the  water  had  forced  its  way  through 
the  horizontal  fissures  of  the  strata,  and  had  carried  the  loose 
earth  away  with  it,  the  loose  stones  must  of  course  fall  down; 
and  that  where  the  strata  had  few  or  no  fissures,  they  remained 
entire,  and  so  formed  those  very  irregulpr  arches  so  much 
wondered  at  in  these  places ;  which  seems  a  more  probable 
origin  than  what  others  have  hitherto  proposed.  The  three 
rivers,  as  they  are  commonly  called,  in  Feak*s  hole,  are  only 
some  parts  of  the  cave  deeper  than  the  rest,  and  receiving 
all  then:  water  fix^m  the  spring  which  comes  from  the  farther 
end  of  the  cave.  The  water  which  passes  through  PooFs 
hole  is  impregnated  with  particles  of  lime-i?tone,  and  so  has 
incrusted  almost  the  whole  cave  in  such  a  manner,  that  it 
appears  like  one  solid  rock. 
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An  Aocauni  nf  Hie  Imperial  Salt  Works  of  St&waTr,  in  Upper 
Hungary*    By  Ernest  Bruckman,  M.  J).  —  [1730.] 

SoowAR  is  a  Hungarian  word,  signifying  in  German  salt- 
burg,  composed  of  sOy  L  e.  salt,  and  wo,  that  is,  burgh  m 
town,  where  the  salt-works  arc.  £per,  a  city  of  tlie  county  of 
8a£r,  is  entirely  peoj^ed  with  officers  of  the  excise,  and  minei^ 
or  wood-cutters,  and  is  situated  on  the  summit  of  a  little 
hiH. 

We  first  descended  into  the  works  down  the  well  by  a 
rope,  seated  on  leathern  dogs  (as  they  term  it),  about  40 
fiithoms  deep ;  after  wludi  we  i^ain  descended  100  fathoms, 
by  clinging  peipendicularly  agiainst  the  wall  and  sides  of  the 
Wdls ;  and  harii^  again  continued  our  journey  under  ground 
in  the  salt-work,  we  then  found  ourselves  in  the  cuts,  and 
saw  all  the  tiUeys  cut  in  the  finest  rock-salt ;  in  the  midst  of 
Mrhich  there  were  here  and  there  some  veins  of  a  dark  grey 
flint.  The  miners  work  to  cut  this  rock-salt,  which  they 
draw  up  by  a  rope,  and  put  it  into  a  reservoir,  where  they 
t^eanse  it  with  sSidt-water.  They  boil  it  afterwards  with  the 
Tsame  water,  till  it  becomes  of  the  consistence  of  crystal,  aoid 
then  put  it  into  vessels,  which  contain  about  268  lb»  weigixt 
each. 

As  to  the  vegelMyle  or  ibssii-salt,  it  is  extremely  white  and 
transfmrent;  and  in  such  plenty  in  the  salt-works  of  the 
^unty  of  Mannar,  near  Transylvania,  where  there  are  lai^e 
entire  mountains  of  salt,  that  one  might  furnish  the  whole 
%irorld  for  quantity ;  as  idso,  because  as  soon  as  cut,  it  grows 
again  anew  in  a  very  short  time.  They  break  and  cut  it ;  and 
though  it  appear  at  first  black,  yet  in  pounding  it  becomes 
extremely  white ;  and  so  it  is  with  that  used  in  Hungary,  for 
they  send  all  the  salt  of  S6ow&  mto  foreign  countries.  You 
find  almost  in  every  inn  two  stones  like  to  those  used  to 
make  mustard,  between  which  they  pound  and  break  that 
sort  of  rock-salt ;  and  one  finds  also  in  their  stables  large 
pieces  of  that  mineral,  which  tlie  cattle  lick  at  pleasure. 

But  to  return  to  tlie  salt  of  S6owlir,  there  are  sometimes  m 
the  cuts  alleys  of  rock-salt,  of  tlie  most  delicate  blue  and 
yellow  colours.  We  observed  that,  that  of  the  first  colour,  being 
exposed  to  the  sun  for  some  days,  lost  entirely  all  that  beai»- 
tiful  ultra-marine,  and  became  white  as  the  other  rock-salt ; 
which  did  not  happen  to  the  yellow,  which  preserved  its 
colour ;  but  when  pounded  both  together,  the  salt  was  neither 
blue  nor  yellow,  but  produced  a  salt  extremely  white. 

But  what  is  most  curious  and  remarkable  m  Uiese  subter- 
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«aneou8  fosses  are  the  flowers  of  salt,  which  grow  as  the 
beard  of  a  goat,  with  this  difference  only,  that  these  are  much 
whiter,  and  much  finer.  One  cannot  enough  admire  these 
vegetables,  jet  one  cannot  find  them  in  all  the  cuts,  nor  at 
•all  times,  but  they  appear  and  grow  according  to  the  temper^ 
ature  of  the  seasons,  which  in  those  pu^  is  very  whole- 
some, and  without  any  thing  noxious.  These  sorts  of  plumes 
of  salt  are  very  brittle ;  they  melt  also  in  moist  places,  and 
dissolve  into  an  evaporated  oil,  but  are  nevertheless  the  most 
pure  salt,  the  finest,  the  most  acid,  the  most  white,  and  most 
beautiful ;  so  that  it  is  not  without  reason  they  have  given  it 
the  name  of  flower  of  salt. 


pSjagnelioal  ObserveOkms  and  Experiments.    By  Serfinotoit 

SdVEBYy  Esq.  <^  Skilstm.  —  [173a] 

The  observations  made  by  Mr.  Savery  are  as  follow:  — 

That  the  two  opposite  parts  of  a  loadstone  attract  most 

ysgorously,  and  are  called  its  poles.    Tlie  middle  between 

its  two  pNoles  does  not  attract  at  all,  and  may  be  called  its 

equinoctial ;  and  from  either  pole  to  the  middle,  the  attract-, 

ing  force  gradually  abates. 

Tliat  there  is  no  difference,  that  he  could  find,  between  the 
force  of  strength  of  attraction  and  that  of  repulsion  m  the 
vAame  pole  of  any  loadstone  or  magnet,  unless  when  a  small 
one  approaches  so  near  to  a  large  one  as  to  have  its  polarity 
more  or  less  diminished  by  it. 

These  properties  convince  him,  that  there  is  no  such  thing 
in  nature  as  magnetical  attraction  without  polarity,  which  is 
constituted  of  attraction  and  repulsion ;  and  these  two  pow^fs 
4>eiiig  always  equaUy  strong  in  the  same  pole  of  every  mag- 
net, he  thinks  it  a  plain  contradiction,  to  say  this  or  that 
loadsttme  has  a  si^ong  attraction,  but  a  weak  polarity  or 
^direction• 

.  That  no  interposed  body  whatever,  unless  it  be  magnetical, 
though  the  most  solid  in  nature,  was  ever  known  in  the  least 
to  impede  or  divert  any  of  the  effects  of  a  magnet ;  but  it 
ds  always  found  to  attract  magnetical  bodies  full  as  power- 
•&ily  at  the  same  distance,  as  if  nothmg  at  aU  were  be- 
tween* ^  *^. 

That  every  frustum  of  a  loadstone  is  an  entu'e  or  perfect 
loadstone,  having  in  itself  both  poles  as  the  whole  stone  had ; 
and  that  the  poles  in  each  frustum  have  their  direction,  as 
near  as  the  ^;ure  of  it  will  admit,  in  the  same  parallel  line  in 
which  they  were  dhrected  both  in  it  ani  the  whole  stone,  be- 
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fore  it  was  septuated :  for  the  polarity  of  every  frdgment  is 
usually,  if  not  always,  before  they  are  separated,  parallel  to 
that  of  the  whole  stone,  and,  consequently,  to  diat  of  each 
other :  and  if  ever  it  is  found  otherwise,  Mr.  S.  thinks  that 
loadstone  wants  of  perfection.  So  that  the  parts  of  any  mag-p 
net,  when  cut  in  two  transversely,  or  perpendicular  to  its 
axis,  become  complete  magnets,  having  eadi  their  poles  and 
axis  parallel  to  the  whole  magnet ;  and  that,  whether  the  two 
parts  are  equal  or  unequal.  And  the  sum  of  the  weights  of 
iron,  lifled  by  the  two  parts  separately,  is  greater  than  the 
single  wei^t  lifted  by  the  whole  ma^et. 

That  all  magnetical  attraction  (as  also  repulsion)  is  mutual; 
for  iron  or  steel  attracts  the  loadstone^  as  that  does  iron  or 
steel,  and  they  also  each  other. 

That  every  loadstone  communicate»  virtue  to  iron  or  stee)^ 
not  only  by  contact,  but  even  by  their  approach  within  its 
attractive  sphere,  more  or  less  as  nearer  to,  or  &rther  frdm, 
its  body ;  and  likewise  its  poles,  also  according  to  the  shape, 
size,  and  specific  virtue,  and  figure  of  the  iron  or  steel,  and 
their  proportion  of  magnitude  to  each  other ;  and  that  a  small 
.magnet  communicates  nearly  as  much  virtue  as  a  large  one. 
Some  autliors  write,  that  the  loadstone  loses  none  of  its  virtue 
by  communicating  of  it  to  iron  or  steel,  which  Mr.  S.  doubts 
the  truth  of,  especially  if  the  stone  is  small  in  proportion  to 
the  steel,  in  which  case  he  has  known  touched  steel  to  lose 
considerflJi)le  virtue. 

That  steel  is  not  only  more  receptive,  but  more  retentive  of 
magnetism,  than  common  iron;  and  iron  or  steel  hammered 
hard,  than  the  same  while  soft ;  but  steel  hardened  by  quench- 
ing, than  either  of  them. 

That  such  iron  or  steel  as  has  magnetic  virtue  communi- 
cated to  it,  also  communicates  it  to  other  iron  or  steel  after 
the  same  manner  as  a  loadstone  does.  Which  virtue,  after 
ever  so  many  communications,  is,  as  to  its  nature,  perfectly 
the  same  with  that  of  the  stone  itself,  having  both  poles,, 
and  will  touch  other  steel,  and  that  a  compass,  as  well 
as  the  loadstone  itself,  and  as  vigorous,  if  properly  used. 

Tliat  every  loadstone,  within  its  attractive  sphere,  has  a 
power  to  keep  one  piece  of  iron  suspended  to  another,  espe- 
cially if  that  to  which  it  is  suspended  is  the  larger,  and  their 
ends  be  bright  and  clean,  where  they  touch  each  other ;  and 
if  the  suspended  iron  is  not  too  heavy,  the  other  will  draw  it 
.up  from  either  pole  of  the  naked  loadstone  actually  touching 
it,  and  will  also  keep  it  suspended,  till  at  a  consiaerahJe  dis- 
tftope ;  but  will  not  draw  it  off  in  suph  ipftA»er  from  the 
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ajrmour  of  unfUrmed  stone,  if  the  armour  and  iron  are  both 
of  them  bright  and  clean  at  their  contact  Hence  it  must 
follow,  — 

That  an  armed  loadstone  can  lift  more  with  either  of  its 
poles,  used  singly,  than  the  same  can  lift  naked :  that  not 
only  steel  or  iron,  regularly  touched,  but  also  oblong  iron  void 
(£  permanent  virtue,  will  perform  aJl  that  any  loadstone  can, 
though  not  with  the  same  degree  of  power :.  for  either  of  them 
will  attract,  keep  one  piece  of  iron  suspended  to  another,  and 
communicate  some  degree  of  permanent  polarity  to  steel 
well  hardened,  as  Mr.  S.  has  experienced,  and  also  to  an  iron 
wire. 

That,  of  a  soft  iron  bar  void  of  fixed  polarity,  as  soon  as  it 
is  in  an  erect  position,  the  higher  part  from  the  middle  up- 
ward becomes  a  north  pole  in  north,  or  a  south  pole  in  south 
magnetic  latitude.  And,  e  contra,  the  lower  part  from  the 
middle  downward  becomes  a  south  pole  in  north,  and  a  north 
pole  in  south  latitude:  but  as  soon  as  the  bar  is  inverted,  the 
polarity  is  shifted  in  it,  and  in  north  latitude  the  end  newly 
placed  upward  becomes  the  north  pole,  though  it  was  a  south 
one  immediately  before,  and  the  other  end  the  south  pole, 
though  it  was  its  north  one  just  before.  The  case  is  the  same, 
if  such  a  bar  is  placed  horizontally  in  or  near  the  magnetical 
meridian;  for  the  end  directed  toward  the  north  will  constanly 
be  a  south  pole,  and  that  which  is  directed  toward  the  south 
a  north  one ;  and  as  soon  as  the  ends  of  the  bar  are  shifted, 
the  polarity,  in  respect  of  the  bar,  is  shifted  also,  but  not  in 
respect  of  the  earth,  for  which  reason  this  virtue  is  called 
transient,  and  is  communicated  by  the  earth*s  central  magnet 
in  such  manner  as  other  loadstones  are  said  to  do. 

That  if  a  bar  of  iron  or  steel,  not  having  the  least  degree  of 
fixed  virtues,  be  placed  in  any  "position,  except  at  or  near  to 
a  right  angle  with  the  magnetical  line,  it  will  not  only  for  the 
present  receive  a  transient  polarity,  but  if  it  remain  so  long, 
the  said  polarity  will  graduaUy  become  fixed  or  permanent, 
more  or  less,  according  to  the  hardness  or  softness  of  the  bar, 
and  the  time  it  has  remained  in  that  position,  and  the  angle 
its  length  makes  with  the  magnetical  line,  and  the  proportion 
of  the  length  to  its  magnitude,  the  longest,  cseteris  paribus, 
usually  receiving  most  virtue ;  and  sometimes  when  sdl  these 
advantages  concur,  the  polarity  will  be  sensibly  permanent  in 
a  little  time,  and  not  require  a  very  long  time  to  be  rendered 
pretty  strong. 

.  That  by  placing  the  said  bar  afterwards  in  the  same  position, 
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only  with  its  ends  shifted,  it  will  gradually  lose  its  gained' 
magnetism^  and  at  length  have  its  polarity  changed. 

That  magnetism  not  only  in  touched  iron  and  steel,  but  also 
in  the  loadstone  itself,  is  soon  destroyed  by  fire. 

That  though  fire  destroys  fixed  magnetism  in  steel  or  iron, 
yet  if  they  are  set  to  cool  m  an  erect  position,  or  rather  in  the 
direction  of  the  magnetical  line,  they  will  gain  more  or  less 
fixed  virtue  by  the  time  they  are  cold ;  but  especially  steel 
heated  to  a  seasoning  height,  and  in  that  position  cooled  sud- 
denlv  under  water. 

That  while  a  piece  of  iron  of  some  magnitude  is  held  at 
one  pole  of  a  loadstone,  it  will  increase  the  attraction  of 
tiie  other  pole  thereof,  and  enable  it  to  lift  somewhat  more. 

That  if  either  pole  of  a  magnet,  large  enough,  touch  one' 
end  of  an  oblong  piece  of  steel,  not  too  large  and  long  for  the 
magnet  easily  to  act  on,  it  wiU  transmit  its  own  virtue  to  the 
other  end  of  the  steel  which  is  farthest  off,  and  make  it  a  pole, 
of  its  own  kind ;  while  the  end  that  touches  the  stone  has 
virtue  of  the  contrary  pole:  but  the  virtue  usually  is  not  sa 
strong  in  the  end  which  is  untouched  as  in  that  which  is. 

That  a  needle  first  equally  poised,  then  touched  and  put  to« 
oscillate  on  its  pivots  in  the  magnetical  meridian,  will  in  north: 
latitude  have  its  north  end  (u  6.  its  south  pole)  depressed  until 
it  directs  to  the  north-attracting  point  of  the  central  magnet ; 
where,  after  several  oscillations,  it  will  at  last  rest :  and  in 
south  latitude  the  south  end  will  be  depressed  after  the  same 
manner. 


An  Account  of  the  different  Sorts  ofP(wer  of  die  Ancients. 
By  the  Hon.  Sir  John  Clebk,  F.R. aST.  —  [1731.] 

Of  the  several  sorts  of  charta!  used  for  writing,  th^ 
most  ancient  were  made  of  barks  of  trees,  or  skins,  or  were 
such  as  are  called  pugillares.  The  oldest  were  of  the  inner 
bark  of  trees,  called  liber  in  Latin,  whence  a  book  had  the 
name  of  liber ;  but  very  little  of  this  sort  is  now  in  being,  ex- 
cept the  Egyptian  papjrrus  may  be  accounted  one  species  of  it^ 

The  papyrus  was  made  of  a  plant  having  many  pelliceous 
tunicles,  as  Pliny  informs  us,  which  were  separated  from  one 
another  by  a  needle,  and  then  glued  again  tt^ether,  to  give 
them  a  strength  and  firmness  sufficient  to  retain  what  might 
be  written  on  them.  Alexandria  was  the  place  most  eminent 
for  this  manufacture.  There  are  some  fragrants  of  this  sort 
still  extant  in  libraries,  particularly  tSxe  famous  manuscript 
of  St.  Mark's  Gospel  at  Venice,  d  g  t  zed  by  Google 
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L  The  chartse  membraiuice8&  are  mdde  of  the  skuis  of  animals* 
dressed  either  like  our  glove-leather,  or  modem  parchment*^ 
The  first  sort  was  commonly  used  by  the  Jews  for  writing  the 
law  of  Moses  on  it,  and  from  the  rollii^  up  of  these  skinft 
comes  the  word  volumen.  But  the  skins  which  Varro  and 
Pliny  say  were  first  made  by  Eumenes  king  of  Pergamus^ 
were  in  more  common  use :  however,  Eumenes,  who  is  re- 
lated by  these  authors  to  have  made  them  in  opposition  to 
Ptolemy  king  of  Egypt,  who  had  forbidden  the  exportation  of 
the  papyrus  firom  bos  dominions,  does  not  seem,  to  be  the  in- 
ventor of  die  chartse  membranacese ;  since  Herodotus,  who* 
lived  long  before  his  time,  informs  us,  that  the  lonians  an4 
other  nations  used  to  write  on  goat  and  sheep  skins*  Jose- 
phm  also  tells  us,  that  the  Jews  sent  their  laws  written  on 
skins  in  letters  of  gold  to  Ptolemy ;  by  which  it  seems  as  if 
the  writing  on  skins  was  no  new  thing  at  that  time  among 
the  Jews. 

The  use  of  the  pqgillares  was  also  very  ancient,  being  men- 
tioned by  Homer,  and  among  the  Latins  by  Plautus.  'thej 
were  made  of  all  sorts  of  wood,  ivorv,  and  skins,  covered  over 
with  wax.  They  were  likewise  of  several  colours,  as  red, 
yellow,  green,  saffiron,  white,  and  others.  Being  waxed  over, 
any  thing  was  easily  written  on  them  by  the  point  of  the 
stylus,  and  as  easily  rubbed  out,  and  altered  by  the  flat  part 
or  it.  Sometunes  these  pugillares  were  made  of  gold,  silver, 
brass,  or  lead,  and  then  there  was  a  necessity  of  an  iron  stilus 
to  write  or  cut  the  letters  on  them* 

llie  diptychs  and  triptychs  that  were  covered  with  wai^ 
served  only  for  common  occurrences ;  the  other  sorts  re* 
ceived  every  thing  else  that  was  written  on  chartas  or  mem* 
branse,  and  were  sometimes  called  by  the  Greeks  paUmpsesta^, 
firom  Uie  rubbing  out  of  the  letters  on  them. 

The  charts  Imtese,  and  bombycines,  which  were  made  of 
linen  or  cotton,  were  of  much  later  date  ;  and  from  these 
we  learned  to  make  the  paper  now  in  use  of  linen  rags,  an 
mvention  probably  of  about  600  years  standing. 

Writing  was  practised  on  all  these  chartae  with  a  reed,  and 
afterwards  with  a  pen,  except  on  the  pugillares.  These  reeds 
grew  on  the  banks  of  the  Nile ;  the  Greeks  also  used  reeds 
imported  firom  Persia  for  the  same  purpose.  Calami  argentei 
are  also  mentioned  for  writing. 

Their  letters  were  formed  with  liquors  of  various  colours, 
but  chiefly  black,  thence  called  atramentum.  It  was  some^- 
iimes  made  of  the  blood  of  the  cuttle*fish,  sometimes  of  soot. 
AneUes  composed  ^  black  of  burnt  ivory,  which-waa  called 

■•  *  jj  V  "Digitized  by  V^OO^      • 


MAUPXRTVtS  OK  STABS,  COMBTS,  AITO  SATimN  S  RXK!& 

dephantiiimii.  They  had  ink  also  from  Indian  of  an  improTM 

composition,  as  Pliny  says. 

Ilie  titles  of  theur  chapters  and  sections  were  written  in 
red  or  pui^ :  hence  the  titles  of  the  Roman  laws  are  called 
rubricffi.  Their  purpura  waff  an  exceedingly  bright  red,  or 
crimson,  much  in  vogue  with  the  Byzantine  writers ;  which 
was  a  liquor  made  of  die  murex  boiled,  and  its  shell  very  finely 
powdered;  or,  as  Pliny  relates,  oi  the  blood  of  that  fish. 
Almost  all  the  ancient  emperors  wore  this  colour;  their 
names  were  painted  in  it  on  their  banners ;  and  they  fre-. 
miently  wrote  with  it,  and  wore  it.  This  colour  was  often 
die  distinction  of  a  Roman  magistrate,  and  to  put  on  the. 
purple,  was  the  same  thing  as  to  assume  the  government,       > 

The  children  of  the  emperors,  and  such  as  had  a  prospect 
of  rising  to  the  throne,  and  their  guardians,  sometimes  wrote 
with  green ;  gold  also  was  employed  for  the  like  purpose* 


Canfectures  c&ncemtng  Stars  which  sometimes  appear  cmddis^ 
a^ppear;  and  on  Saturn* s  Ring.    By  Pbter  Lewis  jds 
.   Maupertuis. —  [1731.] 

The  consideration  of  the  figures  which  fluids  may  take, 
according  to  the  different  ratio  of  gravity  to  the  centrifugal 
force,  suggested  to  M.  Maupertuis,  that  probably  the  planets 
have  such  forms;  since  for  this  there  is  only  necessary  a 
swifter  motion  roynd  the  axis,  or  a  less  density  of  matter : 
for,  though  few  planets,  that  yre  know  of,  come  sufficiently 
near  a  spheroidal  figure,  why  may  we  not  admit  of  other 
forms,  either  about  otiber  suns,  or  even  our  own?  these  lenti* 
form  planets  would  never  be  seen  by  us,  either  by  reason  of 
their  distance,  or  because  they  would  be  in  the  plane  of  the 
ecliptic,  or  in  a  plane  somewhat  inclined  to  it,  to  which  plane 
their  axis  of  revolution  would  be  perpendicular,  or  nearly  so ; 
for  in  this  situation  they  could  not  be  seen  from  the  earUi.  . 

And  why  might  not  such  a  variety  of  forms  obtain  among 
the  fixed  stars?  especialljr,  since  it  is  very  probable  that 
they  revolve  round  meir  axis,  like  our  sun.  There  are,  pro- 
bably, lentiform  fixed  stars  in  the  heavens;  and  probably 
they  are  surrounded  witli  very  eccentric  planets  or  comets, 
which,  since  they  are  not  fixed  in  the  plane  of  the  equator, 
when  they  approach  the  perihelion,  disturb  the  direction  of 
the  star's  axis ;  and  then  the  star,  which  by  reason  of  its 
situation  now  disappears,  appeared;  or  that  which  appeared 
before,  now  disappears.  And  so  a  reason  might  be  assigned* 
why  some  stars  seem  to  appear  and  disappear-alterQatelyv 
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'  But  if  in  any  system  a  comet  with  a  tail  move  near  some 
powerful  planet,  what  will  be  the  consequence  ?  why,  the 
matter  emitted  from  the  body  of  the  comet  will  be  attracted 
round  the  planet;  and  by  the  comet's  sending  out  new  mat- 
ter, or  a  sufficient  quantity  being  already  emitted,  there  will 
arise  a  continual  flux  of  matter  round  the  planet;  and  though 
the  column,  emitted  firom  the  comet,  may  at  first  be  either 
of  a  cylindrical^  conical,  or  any  other  form,  yet  its  centrifugal 
force,  with  the  gravities  arising  both  from  the  planet  and 
from  the  effluent  matter,  will  always  render  it  broader  and 
thinner;  and  thus  a  reason  might  be  assigned  for  Saturn's 
ring,  the  most  surprising  phenomenon  in  nature. 

Ajnd  while  the  tail  of  the  comet  would  furnish  the  planet 
with  such  a  ring,  the  comet  itself  might  probably  be  attracted, 
if  at  a  due  distance,  and  become  a  new  satellite  to  the  planet; 
and  thus,  probably,  several  comets  have  furnished  out  both 
Saturn's  satellites  and  his  ring ;  for  it  is  not  likely  that  Sa- 
turn's ring  is  owing  to  the  effluvia  of  one  comet,  since  it  pro- 
jects a  shadow  on  his  disk ;  whereas  the  matter  of  the  tails  Qf 
comets  is  so  rare,  that  the  stars  may  be  seen  to  shine  through 
it.  Saturn's  ring,  therefore,  seems  to  consist  of  the  tails  of 
several  comets,  whose  matter  is  become  more  dense  on  ac- 
count of  his  attraction. 

It  is  evident  that  a  planet  may  acquire  satellites,  and  yet 
not  .a  ring;,  for  all  comets  have  not  a  tail;  and  if  a  comet 
without  a  tail  be  attracted,  it  will  furnish  the  planet  a  satellite 
-without  a  ring.  v       . 

The  great  Sir  Isaac  Newton  has  concluded,  that  the  vapours 
of  comets  are  dispersed  among  the  planets ;  nay,  he  recKoned 
this  communication  necessary,  in  order  to  repair  the  loss  of 
liquid  matter.  And  Dr.  H^ey  and  Mr.  Whiston  are  of 
opinion  that  both  comets  and  their  tails  cause  considerable 
changes  in  the  planets,  as  a  variation  in  their  poles,  or  de- 
luges, and  conflagrations ;  but  comets  may  possibly  produce 
.more  benign  eflects,  and  even  sometimes  supply  the  planets 
with  useful  and  surprising  things. 


;    On  the  Naiure  qflniermiUmff  and  Reciprocating  Springs 
By  Mr.  Joseph  Atwsll^  F.  JR.  S.  —  [1732.] 
The  following  conjectures  on  the  subject  of  intermitting 
-and  reciprocating  springs  were  suggested  to  Mr.  Atwell  by 
'the  phenomena  of  a  particular  fountain  he  had  seen  the 
-winter  before  :.— 

,y  Google 


Digitized  by* 


274?  ON  INTBRMlTTlNa  SPBIKdS   OF  WATER. 

The  spring  is  situated  at  one  end  of  the  town  of  Brixam, 
near  Torbay,  in  Devonshire,  and  is  known  by  the  name  of 
Laywell.  It  is  a  long  mile  distant  from  the  sea,  on  the  north 
and  north-east  side  of  a  ridge  of  hills,  lying  between  it  and 
the  sea,  and  making  a  turn  or  angle  near  this  spring.  It  is 
situated  in  the  side  of  those  hills,  near  the  bottom,  and  seems 
to  have  its  course  from  the  south-west  towards  the  north-east. 
There  is  a  constantly  running  stream  which  discharges  itself 
near  one  comer  into  a  basin,  about  eight  feet  in  length,  and 
4^  in  breadth ;  the  outlet  of  which  is  at  the  farthest  end 
from  the  entrance  of  the  stream,  about  three  feet  wide,  and 
cf  a  sufficient  height.  On  the  outside  of  the  basin  are  three 
other  springs,  which  always  run,  but  with  streams  subject  to 
a  like  regular  increase  and  decrease  with  the  former.  Thev 
seem  indeed  only  branches  of  the  former,  or  rather  channels 
discharging  some  parts  of  the  constantly  running  water, 
which  could  not  empty  itself  all  into  the  basin ;  and  there- 
fore when,  by  means  of  the  season,  or  weather,  springs  are 
large  and  high,  on  the  flux  or  increase  ot  this  fountain, 
several  other  little  springs  are  said  to  break  forth,  both  in  the 
bottom  of  the  basin  and  without  it,  which  disappear  again  on 
the  ebb  or  decrease  of  the  fountain.  All  the  constanUy  nm- 
ning  streams  put  together,  at  the  time  that  he  saw  them, 
were  more  than  sufficient  to  drive  an  overshot  mill ;  and  the 
stream  running  into  the  basin  might  be  about  half  of  the 
whole. 

Mr.  Atwell  made  a  journey  purposely  to  see  it,  in  company 
with  a  friend.  When  they  came  to  the  fountain,  they  were 
informed  that  the  spring  had  flowed  and  ebbed  about  20  times 
that  morning;  but  had  ceased  doing  so  about  half  an  hour 
before  they  came.  On  their  return  to  it,  a  man,  who  was 
still  at  work  near  it,  said  that  it  began  to  flow  and  ebb  about 
half  an  hour  after  liiey  went  away,  and  had  done  so  10  or  12 
times.  In  less  than  a  minute,  Uiey  saw  the  stream  coming 
into  the  basin,  and  likewise  the  others  on  the  outside  of  the 
basin  begin  to  increase  and  to  flow  with  great  violence  ;  on 
which  the  surface  of  the  water  in  the  basin  rose  an  inch  and 
a  qu9rter  nerpendicularly,  in  near  the  space  of  two  minutes : 
immediately  after  which,  the  stream  began  to  abate  again  to 
its  ordinary  course ;  and  in  near  two  mmutes*  time  the  sur- 
face was  sunk  down  to  its  usual  height,  where  it  remained 
near  two  minutes  more.  It  then  b^m  to  flow  again  as  be^ 
fore  ;  and  in  the  space  of  26  minutes  flowed  and  ebbed  five 
times ;  so  that,  an  increase,  decrease,  and  pause,  taken  toge- 
ther, were  made  in  about  Ave  minutes,  or  a  litde  more. 
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Mr.  Atwell  imagines  them  to  be  occasioned  by  two 
streams  or  springs,  one  of  which  passing  through  two  caverns 
or  natiural  reservoirs  with  syphons,  meets  with  the  other 
stream  in  a  third  reservoir,  without  a  syphon ;  wherey  being 
joined,  they  come  out  of  the  earth  together. 

The  supposition  of  reservoirs  and  syphons  in  the  bowels  of 
the  earth  has  been  made  by  others.  But  whoever  has  seen 
the  Peak  of  Derbyshire,  the  hilly  parts  of  Wales,  or  other 
countries,  must  be  satisfied  that  they  abound  with  caverns  of 
many  sorts.  Some  of  them  are  dry,  others  serve  only  for 
passages,  or  channels  to  streams,  wmch  run  through  them; 
and  a  third  sort  collect  and  hold  water,  till  they  are  fuQ* 
They  must  also  have  observed,  that  there  are  sometimes  nar- 
row passages,  running  between  the  rocks  which  compose  the 
sides,  and  going  from  one  cavern  to  another.  Such  a  passage, 
of  whatever  shape  or  dimensions,  how  crooked  and  winding 
soever  in  its  course,  if  it  be  but  tight,  and  runs  &om  the 
lower  part  of  the  cavern,  first  upwards  to  a  less  height  than 
that  of  the  cavern,  and  Uien  downwards  below  the  mouth  of 
the  said  passage,  will  be  a  natural  syphon« 

A  natural  reservoir  then,  A  B  C  D, 
with  such  a  natural  S3rphon,  MNP, 
may  be  supposed.  Let  a  feeding 
stream  enter  it,  near  the  top,  at  O. 
The  cavern  must  contain  all  the  water 
which  comes  in  at  O,  till  it  is  filled  to 
the  top  of  the  syphon  at  N.  Then 
the  syphon  beginning  to  play,  and 

being  supposed  always   to  discharge 

more  water  than  comes  in  by  the  feed-^F=^ 
ing-stream  at  O,  will  empty  the  cavern, 
tin  the  water  is  sunk  in  it  below  the  mouth  of  the  syphon 
at  M ;  when  it  must  stop,  till  the  cavern  is  filled,  and  the 
syphon  rims  again  as  before  If  the  water  dischar^d  bf 
such  a  syphon,  MP,  be  brought  out.  of  the  earth  by  a 
channel,  PQ,  the  water  will  flow  out  of  the  earthy  and  stop 
alternately,  making  an  intermittbg  fbuntam  at  Q.  By  tlu3 
phdn  and  easy  contrivance,  several  of  the  flowing  ^d  ebbing 
springs,  observed  by  the  naturalists,  may  probably  be  ex- 
plained ;  and  even  a  much  ^eater  variety  of  them  than  is 
oitherto  known. 
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JEasperiments  to  prove  the  Eoeistence  of  a  Fluid  in  the  Nerves  ^ 

By  Alexander  Stuart,  M.D.  F.  R.  S.  —  [1732.] 
•  Exper.  1.— Dr.  Stuart  suspended  a  frog  by  the  fore  legs 
.  in  A  frxtme,  leaving  the  inferior  parts  loose ;  then  the  head 
being  cut  off  with  a  pair  of  scissors,  he  made  a  slight  push 
perpendicularly  downwards,  on  the  uppermost  extremity  of 
.  the  medulla  spinalis,  in  the  upper  vertebra,  with  the  button* 
end  of  the  probe,  filed  flat  and  smooth  for  that  purpose;  by 
which  all  the  inferior  parts  were  instantaneously  brought  into 
the  fullest  and  strongest  contraction.  This  he  repeated  seve- 
ral times,  on  the  same  ^o^,  with  equal  success  ;  intermitting 
a  few  seconds  of  time  between  the  pushes,  which,  if  repeated 
too  quick,  made  the  contractions  much  slighter. 
'  Eaper.  2.  — ^With  the  same  flat  button-end  of  the  probe  he 
pushed  slightly  towards  the  brain  in  the  head,  on  that  end  of 
the  medulla  oblongata  appearing  in  the  occipital  hole  of  the 
.skull ;  on  which  the  eyes  were  convulsed.  This  also  he 
repeated  several  times,  on  the  same  head,  with  the  same 
effect. 

Eaper,  S.  -—  He  tied  a  piece  of  fine  twine,  or  thread,  pa- 
rallel to  the  crural  arter}',  vein,  and  nerve  of  a  dog ;  and  made 
a,  ligature  on  them,  and  on  the  parallel  twine,  above  and 
below,  at  tlie  distance  of  about  four  inches ;  then  he  cut  beyond 
the  ligatures  above  and  below,  so  as  to  take  out  the  vessels 
and  nerve,  with  the  parallel  twine,  in  one  bundle ;  and  laying 
them  on  a  board,  both  the  artery  and  vein  contracted  imme- 
diately, and  were  shortened  to  almost  one  half  of  the  natural 
length  which  they  had  in  the  body,  viz.  to  2^  inches ;  whereas 
the  nerve  remained  ilmcontracted,  at  its  natural  length,  and 
commensurated  to  the  parallel  twine  of  four  inches,  as  before 
it  was  cut  out  of  the  body. 

By  which  it  appears  that  the  proportion  of  the. blood- 
vessels in  their  completest  contraction,  to  the  same  in  a  state 
of  extension,  and  to  the  nerves  at  their  constant  and  natural 
length,  is  nearly  as  five  to  eight;  or,  which  is  the  same  thing, 
any  given  section  of  a  blood-vessel,  cut  out  and  left  to  itself, 
is  capable  of  contracting,  so  as  to  lose  ^  parts  of  its  length. 

The  first  two  experiments  show,  that  the  brain  and  nerves 
contribute  to  muscular  motion,  and  that  in  a  very  hi^ 
degree. 

The  third  experiment  makes  it  as  plain,  that  what  they 
contribute  in  muscular  motion  cannot  arise  from,  or  be  owing 
to,  elasticity,  which  they  have  not. 

What  remains,  therefore,  but  to  conclude,  tha/t  the  action  of 
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the  nerves  in  muscular  tnotion  is  owing  to  the  fluid  tliejscon** 
tain,  by  whatever  name  we  may  choose  to  call  it. 


JSasperiments  on  the  Friction  of  Pulleys.    By  the  Rev.  J.  T, 
Desaguliers* — [1732.] 

The  first  experiment  was  made  witii  a  tackle  of  five  brass 
sheevers  in  iron  frames  or  blocks ;  that  is,  three  sheevers  in 
the  upper  block,  and  two  in  the  lower.  The  sheevers  were  five 
inches  in  diameter,  the  pins  half  an  inch,  and  the  rope  three 
«|uarters.i  Having  made  an  equilibrium,  by  hanging  one  hun- 
dred and  a  quarter  at  the  lower  block,  and  a  quarter  of  a 
hundred  at  the  running  rope,  he  added  17^  pounds  before 
the  power  could  go  down  and  raise  the  weight. 

Two  hundred  and  a  half  being  balanced  by  half  a  hundred, 
the  addition  of  281b.  made  the  power  raise  the  weight. 

In  the  experiment  17^  pounds  exceed  by  4^  pounds  the 
sum  of  the  frictions  deduced  from  the  theory.  But  in  the 
second  experiment,  28  pounds  exceed  the  sum  of  the  fric- 
tion but  one  pound. 

The  reason  of  this  appeared  to  be,  that  the  rope  at  first 
was  too  large  for  the  cheeks  that  held  the  sheevers ;  but  in 
the  second  experiment,  where  the  rope  was  more  stretched, 
it  was  somewhat  diminished  in  diameter,  and  so  broughi  off 
irom  rubbing  so  hard  against  the  cheeks. 


Of  a  Beaver.   By  C.  MoRTiMEBy  M.D.  R.  S.  S.  —  [17S3.] 

In  the  Memoirs  of  the  Academy  of  Sciences  at  Paris,  for 
the  year  1704,  is  an  extract  of  a  letter  firom  M.  Sarrasin,  the 
king's  physician  in  Canada,  concerning  the  dissection  of  a 
beaver.  He  says,  the  largest  are  three  or  four  feet  long,  and 
about  a  foot  or  15  inches  broad  in  tlie  chest,  and  in  the 
haunches ;  that  they  commonly  weigh  about  501b. ;  that  they 
usually  live  to  the  age  of  20  years ;  but  Francus  says,  they 
live  30  or  40  years,  and  that  he  heard  of  a  tame  one  being 
kept  78  years:  perhaps  the  European  may  generally  be 
longer  lived  than  the  American. 

Dr.  Sarrasin  says  further,  that  a  great  way  north  these 
animals  are  very  black,  though  there  are  some  white  ones  to 
be  seen ;  those  in  Canada  are  commonly  brown ;  but  their 
colour  grows  lighter,  as  they  are  found  in  more  temperate 
countries ;  for  3iey  are  yellow,  and  even  almost  of  a  straw- 
colour  in  the  country  of  the  Illinois  and  Chaovanons. 

As  to  their  manner  of  living;  they  choose-a  low  level 
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ground,  watered  with  a  small  rivulet,  that  it  may  be  easiljr 
overflowed,  which  they  do  by  making  dams  across  it :  they 
make  these  dams  by  thrusting  down  stakes  of  five  or  six  feet 
long,  and  as  thick  as  one's  arm,  pretty  deep  into  the  ground; 
these  they  will  wattle  across  with  tender  pliable  boughs,  and 
fill  up  the  spaces  with  clay,  making  a  slope  on  the  side 
against  which  the  water  presses,  but  leaving  the  other  per* 
pendicular.  They  make  their  houses  after  the  same  manned; 
the  walls  are  upright,  two  feet  thick,  and  at  top  in  form  of  a 
dome;  they  are  usually  oval,  ^ve  or  six  feet  long  on  the 
inside,  and  near  as  broad,  being  sufficient  to  lodge  eight  or 
10  beavers,  and  two  or  three  stories  high,  which  they  inhabit 
as  the  water  rises  or  falls. 

Sometimes  they  build  several  houses  near  together,  which 
communicate  with  one  another.  He  says  there  are  some 
beavers  called  terriers,  which  burrow  in  the  earth :  they 
begin  their  hole  at  such  a  depth  under  water  as  diej  know 
that  the  water  will  not  freeze  so  deep;  this  they  carry  on  for 
five  or  six  feet,  and  but  just  large  enough  for  them  to  creep 
through ;  then  they  make  a  balhing-place  three  or  four  feet 
every  way ;  from  whence  they  continue  the  burrow,  always 
ascending  by  stories,  that  they  may  lodge  drv  as  the  waters 
rise :  some  of  these  burrows  have  been  found  to  be  100  feet 
long.  They  cover  the  places  where  they  lie  with  weeds ;  and 
in  winter  they  make  chips  of  wood,  which  serve  them  foir 
mattresses :  they  live  on  herbs,  fruits,  and  roots  in  summer ; 
but  against  winter  they  lay  up  a  provision  of  wood:  a  stack  of 
25  or  30  feet  square,  and  eight  or  ten  high,  is  the  usual  quan- 
tity for  eight  or  ten  beavers ;  they  only^at  those  piece9 
which  are  soaked  in  the  water. 

A  female  beaver  was  kept  at  Sir  Hans  Sloane's,  in  his 
garden,  for  about  three  months.  She  was  but  about  half 
grown,  not  being  above  22  inches  long  from  the  nose  to  the 
root  of  the  tail ;  the  tail  eight  inches  long.  She  was  very 
thick,  paunch-bellied ;  the  shape  of  the  head,  and  mdeed  of 
the  whole  animal,  except  the  tail,  and  hind  feet,  very  much 
resembled  a  great  over-grown  water-rat. 

Her  food  was  bread  and  water ;  some  willow-boughs  were 
g?ven  her,  of  which  she  ate  but  little ;  but  when  she  was 
loose  in  the  garden,  she  seemed  to  like  the  vines  much,  having 
gnav^ed  several  of  them  from  as  high  as  she  could  reach  quite 
down  to  the  roots :  she  gnawed  the  jessamine  likewise,  but  least 
of  all^  some  holly  trees.  When  she  ate,  she  always  sat  on 
her  hind  legs,  and  held  the  bread  in  her  paws  like  a  squirrell 
When  she  slept,  she  commonly  lay  on  her  belly,  with  her  tail 
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under  her.  In  swimming,  she  held  her  fbre-feet  close  up 
under  her  throat,  and  the  claws  closed,  as  when  one  brings  the 
ends  of  one's  thumb  and  of  all  the  fingers  close  together,  never 
moving  her  fore  feet  till  she  came  to  the  shore,  and  endea- 
voured to  get  out.  She  swam  with  her  hind  feet  only,  which 
had^  five  toes,  and  were  webbed  like  those  of  a  goose ;  the 
taiC  which  was  scaly,  and  in  form  of  the  blade  pf  an  oar, 
served  as  a  rudder,  with  which  she  steered  herself,  especially 
when  she  swam  under  water,  which  she  would  do  for  two  or 

'  three  minutes,  and  then  come  up  to  breathe ;  sometimes 
raising  her  nostrils  only  above  water :  she  swam  much  swifter 

-  tlian  any  water-fowl,  moving  under  water  as  swifl  as  a  carp. 
The  hind  legs  being  much  longer  than  the  fore,  made  her 
walk  but  slowly^  or  rather  waddle  like  a  duck,  when  on  dry 
land ;  and  if  driven  along  fast,  she  could  not  run,  but  went  by 
jumps,  flapping  her  tail  against  the  ground.  Her  excrements 
were  always  black,  and  very  fetid ;  her  urine  turbid  and 
whitish,  and  very  strong  scented*  She  made  no  noise, 
except  a  little  kind  of  grunting,  when  driven  fast  and  angred« 
She  seemed  very  brisk,  and  thrived  well  with  the  above-men- 
tioned ibod,  being  turned  into  the  fountain  to  bathe  three  or 
four  times  a  week.  She  had  one  day  convulsion  fits,  very 
like  the  epilepsy  in  men,  from  which  she  recovered  soon,  and 
was  very  well  a^r  them,  till  at  last  she  was  killed  by  a  dog» 


On  the  Cause  cf  the  General  Trade  Winds.    By  Geosgs 

Hadley,  Esq.  jP.i?.>S'.— [1735.] 
That  the  action  of  the  sun  is  the  original  cause  of  these 
winds,  it  seems  all  are  agreed ;  and  that  it  effects  them  by  caus- 
ing a  greater  rarefaction  of  the  air  in  those  parts  on  which  its 
rays,  falling  nearly  perpendicul^,  produce  a  greater  degree  of 
heat  there  than  in  other  places ;  by  which  means  the  air  be- 
coming specifically  lighter  than  the  rest  round  about,  the  cooler 
air  will,  by  its  greater  density  and  gravity,  remove  it  out  of  its 
place,  and  make  it  rise  upwards.  But  it  seems  that  this  rare- 
faction will  have  no  other  effect  than  to  cause  the  air  to  rush 
in  firom  all  parts,  into  the  place  where  it  is  most  rarefied,  es- 
pecially from  the  north  and  south,  where  the  air  is  coolest, 
and  not  more  from  the  east  than  the  west,  as  is  commonly 
supposed.  So  that,  settmg  aside  the  diurnal  motion  of  the 
earth,  the  tendency  of  the  air  would  be  from  every  side 
towards  that  part  where  the  sun's  action  is  most  intense  at 
the  time,  and  so  a  north-west  wind  be  produced  in  the 
mornings  and  a  north-east  in  the  afternoon,  by  turns,  on  this 


S80  DADLEY  OK   THE  TRAbE  Wlkbl 

8ide  of  the  parallel  of  the  sun's  declination,  and  a  douth-wes't 
and  south-east  on  the  other  side. 

That  the  perpetual  motion  of  the  air  towards  the  west 
cannot  be  derived  merely  from  the  action  of  the  sun  upon  it, 
appears  more  evidently  from  this :  if  the  earth  be  supposed 
at  rest,  that  motion  of  the  air  will  be  commimicated  to  the 
superficial  parts,  and  by  little  and  little  produce  a  revolution 
of  the  whole  the  same  way>  except  there  be  the  same  quan- 
tity of  motion  given  the  air  in  a  contrary  direction  in  other 
parts  at  the  same  time  ;  which  is  hard  to  suppose.  But  if 
the  globe  of  the  earth  had  before  a  rotation  towards  the  east, 
tliis  by  the  same  means  must  be  continually  retarded :  and  if 
this  motion  of  the  air  be  supposed  to  arise  from  any  action  of 
its  parts  on  each  other,  the  consequence  will  be  the  same. 
For  this  reason  it  seems  necessary  to  show  how  these  phe* 
nomena  of  the  trade  winds  may  be  caused,  without  producing 
any  real  general  motion  of  die  air  westwards.  This  will 
readily  be  done  by  taking  iii  the  consideration  of  the  diurnal 
motion  of  the  earth :  for,  let  us  suppose  the  air  in  every  part 
to  keep  an  equal  pace  with  the  earth  in  its  diurnal  motion  ; 
in  which  case  there  will  be  no  relative  motion  of  the  surface 
of  the  earth  and  air,  and  consequently  no  wind ;  then  by  the 
action  of  the  sim  on  the  parts  about  the  equator,  and  the 
rarefaction  of  the  air  thence  proceeding,  let  the  air  be  drawn 
down  thither  from  the  north  and  south  parts. 

The  parallels  continually  enlarge,  as  they  approach  W:  the 

equator,  and  the  equator  exceeds  the  tropics  nearly  in  the  ratio 

of  1000  to  917 ;  consequently  their  difference  in  circuit  is  about 

208S  miles,  and  the  surface  of  the  earth  at  the  equator  moves 

BO  much  faster  than  the  surface  of  the  earth  with  its  air  at  the 

tropics.    Trom  which  it  follows,  that  the  air,  as  it  moves  from 

the  tropics  towards  the  equator,  having  a  less  velocity  than  the 

parts  of  the  earth  it  arrives  at,  will  have  a  relative  motion 

contrary  to  that  of  the  diurnal  motion  of  the  earth  in  those 

parts ;  which  being  combined  with  the  motion  towards  the 

equator,  a  north-east  wind  will  be  produced  on  this  side  of  the 

equator^  and  a  south-east  on  the  other  side.     These,  as  the 

air  comes  nearer  the  equator,  will  become  stronger,  and  more 

and  more  easterly,  and  be  due  east  at  the  equator  itself,  ac* 

cording  to  experience,  by  reason  of  the  concourse  of  both 

currents  from  the  north  and  south,  where  its  velocity  will  be 

at  the  rate  of  2083  miles  in  the  space  of  one  rotation  of  the 

earth  or  natural  day,  and  above  one  mile  and  a  third  in  a 

minute  of  time ;  which  is  greater  thaii  the  velocity  of  the 

wind  is  supposed  to  be  in  the  greatest  storm,^hieh,i  accord- 
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ing  to  Dr.  Derham's  obeervations,  is  not  above  one  mile  in  a 
minute.  But  it  is  to  be  considered,  that  before  the  air  from  the 
tropics  can  arrive  at  the  equator,'  it  must  have  gained  some 
motion  eastward  from  the  surfkce  of  the  earth  or  sea ;  by 
which  its  relative  motion  will  be  diminished  ;  and  in  several 
successive  circulations  may  be  supposed  to  be  reduced  to  the 
strength  it  is  found  to  be  of. 


Account  cf  the  Experiments  made  June  1.  1734,  before  several 

Members  of  the  Royal  Society ^  and  others,  on  a  Man,  who 

suffered  himsdf  to  be  bitten  by  a  Viper,  or  common  Adder  ; 

:   and  on  other  Animals  likewise  bitten  by  the  same,  and  other 

Vipers.    By  Cromwell  Mortimer^  M.D.  Seer.  R.S. 

William  Oliver  and  his  wife,  from  Bath,  who  follow  the 

business  of  catching  and  selling  vipers,  offered  themselves  to 

be  bitten  by  any  viper  tliat  should  be  procured,  trustmg  to 

the  virtue  of  a  remedy  they  had  discovered,  in  trymg  a  variety 

of  things,  when  the  woman  was  once  acddentauy  bitten,  and 

the  usual  known  medicines,  even  the  oil  of  vipers,  had  no  effect 

in  assuaging  her  pains,  espedaUv  of  her  breast  on  the  same 

side  as  the  hand  in  which  she  haa  received  the  wound.     This 

remedy,  which  is  only  common  oil  of  olives,  and,  from  its  use 

with  salad,  is  commonly  known  by  the  name  of  salad  oil, 

recommends  itself  not  only  for  its  efficacy,  but  aJso  on  account 

of  its  being  readily  attainable  when  accidents  happen. 

On  the  1st  of  June,  1734,  in  the  presence  of  a  great  num- 
ber of  persons,  the  said  William  Oliver  was  bitten  by  an  old 
black  viper,  or  adder,  brought  by  one  of  the  company,  on  the 
wrist  and  joint  of  the  thumb  of  the  right  hand,  so  that  drops 
of  blood  came  from  the  wounds.  He  said  Uiat  he  imme- 
diately felt  a  violent  pain  and  shooting  from  the  wounds,  both 
to  the  top  of  his  thumb  and  up  his  ami,  even  before  the 
viper  was  loosened  from  his  hand ;  soon  after  he  felt  a  piun^ 
resembling  that  of  burning,  trickle  up  his  arm ;  in  a  few  mi« 
nutes  his  eyes  began  to  look  red  and  fiery,  and  to  water 
much :  in  less  than  half  an  hour,  he  perceived  the  venom 
seize  his  heart,  with  a  pricking  pain,  which  was  attended 
with  faintness  and  shortness  of  breath ;  on  which  he  fell  into 
violent  cold  sweats :  in  a  few  minutes  after  this^  his  belly 
began  to  swell,  with,  great  gripings  and  pains  in  his  back, 
which  were  attended  with  violent  vomitings  and  purgings. 
He  said,  diat  during  the  violence  of  these  symptoms,  his 
sight  was  gone  twice,  for  several  minutes  at  a  time,  but  that 
he  could  hear  a)\  the  while*   He  stated,  that  in  his  former  ex-* 
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perimeats  he  had  never  deferred  making  use  of  his  reniedj; 
loDger  than  when  he  perceived  the  eTOcts  of  the  venoni 
reaching  his  heart ;  but  this  time,  being  willing  to  satisfy  the 
company  thoroughly,  and  trusting  to  the  speedy  effects  of 
the  oil,  which  had  never  failed  him,  when  used  in  time,  he 
forbore  to  apply  any  thing  till  he  found  himself  exceedingly 
ill,  and  quite  giddy. 

About  an  hour  and  a  quarter  after  he  had  been  first  bitten, 
a  chafing-dish  of  glowing  charcoal  was  brought  in,  and  his 
arm,  the  clothes  being  stripped  off,  was  held  over  it,  as  near, 
as  he  could  bear  it,  while  his  wife  rubbed  in  with  her  hand 
the  salad  oil  (which  Dr.  M.  had  procured  and  kept  himself 
in  his  pocket,  lest  they  should  privately  add  any  thing  to  it,  ^ 
having  bought  it  by  the  name  of  Lucca  oil).  Turning  his  ' 
lUTO  continually  round,  as  if  she  would  have  roasted  it  over 
the  coals ;  he  said  that  the  pain  soon  abated,  but  the  swell* 
ing  did  not  diminish  much :  most  violent  vomitings  and  purg- 
ings  soon  ensued,  and  his  pulse  became  low  and  often 
interrupted :  a  glass  or  two  of  olive  oil  drank  down,  seemed 
to  give  him  some  ease. 

'  Continuing  in  this  dangerous  condition,  he  was  put  to  bed^ 
as  soon  as  one  could  be  got  ready  for  him,  where  his  arm  was 
again  bathed  with  his  remedy  over  a  pan  of  charcoal  set  bv 
the  bed-side  ;  but  continuing  to  complain  much  of  his  baci; 
md  belly,  Dr.  M.  advised  his  wife  to  rub  them  likewise  with 
salad-oil,  heated  in  a  ladle  over  the  charcoal :  which  she  did 
accordingly ;  on  which  he  declared  he  found  immediate  ease, 
lis  if  by  some  charm ;  and  he  had  not  above  two  or  three 
retchings  to  vomit  and  stools  afterwards,  but  made  water 
plentifully,  which  was  not  discoloured.  He  then  soon  fell 
into  a  sound  sleep,  but  was  often  interrupted  by  persons 
coming  to  see  and  enquire  after  him,  till  near  12  o'clock, 
firom  which  time  he  slept  continually  to  Bve  or  six  next 
morning,  when  he  awaked  and  found  himself  very  well ;  but 
in  the  afternoon,  on  drinking  some  rum  and  strong  beer,  so 
«8  to  be  almost  inebriated,  the  swelling  returned  with  much 
pain,  and  cold  sweats ;  which  abated  soon,  on  bathing  the 
arm  as  before,  and  wrapping  it  up  in  brown  paper  soaked 
ivith  oil. 

JunexS,  the  man's  arm  remained  swelled,  looked  red, 
marbled  with  spots  of  yellow,  but  felt  soft ;  and  he  had  the 
perfect  use  of  it,  and  even  of  his  fingers,  no  pain  or  stifinesg 
being  left.  He  then  caused  a  small  spaniel  aog  to  be  bitten 
on  the  nose  by  a  fresh  viper :  some  oil  was  immediately  ap* 
plied  hot,  and  rubbed  well  in,  till  all  the  hair  of  his  nose  was 

Digitized  by  VjOOQ  IC 


ON  TWi  MCN3N  SEBIT  BT  THE   ttOaiZOK*  S8B 

thorougbly  wet;  the  dog  did  not  ceem  ver^  imeaty ;  hig  note 
only  swelled  a  little ;  he  ate  soon  after ;  his  nose  was  bathed 
once  more  that  evening ;  he  was  found  very  well  next  nior»* 
ing  ;  but  his  nose  was  bathed  again,  to  make  sure  of  his  cure; 
he  remained  perfectly  well  without  any  S3naiptom8  ensuing, 
and  was  alive  and  well  a  year  after. 

A'  pigeon  was  likewise  bitten  under  the  wing  at  the  same 
time  as  the  dog,  but  by  a  fresh  viper.  The  oil  was  imme- 
diately applied  hot,  and  rubbed  well  in,  and  the  feathers  of 
the  wing  were  thoroughly  wetted  with  it.  This  bird  did  not 
seem  at  all  disordered  with  the  venom,  but  ate  soon  aftef» 
and  was  found  well  the  next  morning,  without  any  remark- 
able  inflammation  or  swelling  about  the  part.  Ine  hot  oil 
was  rubbed  in  again  for  two  or  three  days,  twice  a  day,  and 
•the  bird  continued  well,  so  that  the  viper-catchers  carried  it 
'with  them  out  of  town  in  triumph,  havmg  never  before  expfr* 
rienced  the  efficacy  of  their  remedy  on  so  small  an  animal ; 
which,  as  it  receives  the  same  quantity  of  vmom  by  a  bite  a» 
a  larger  one,  is  more  liable  to  die  under  it ;  and  they  kept  it 
alive  above  three  months,  when  they  killed  it  and  ate  it. 

They  said  that  they  had  experienced  their  remedy  to  take 
effect  on  cows,  horses,  and  dogs,  10  hours  after  being  bttten; 
but  that  for  themselves,  who  were  frequently  bitten  in  the 
fields,  as  they  caught  the  vipers,  they  always  carried  a  phial 
of  salad  oil  along  with  them,  that  as  soon  as  they  perceived 
themselves  wounded,  they  without  any  loss  of  time  bathed 
the  part  with  it ;  and  if  it  was  the  heel,  they  wet  the  stocking 
thoroughly  with  it ;  if  the  finger,  which  liappened  oftenest, 
they  poured  some  of  it  into  the  finger  of  their  glove^  whidi 
they  immediately  put  on  again,  and  thus  never  felt  any  fur- 
tiier  inconvenience  from  the  accident,  not  even  so  much  as 
from  the  sting  of  a  common  bee. 


An  Attempt  to  explain  the  Phenomenon  of  the  fforizontai  Moon 

appearing  larger  than  when  elevated  several  Degrees  above 

As  Horizon.    By  Dr.  Desagvliers.  —  [1736.] 

This  apparent  increase  of  the  moon's  diameter,  which  a 

telescope  with  a  micrometer  shows  to  be  only  apparent,  is 

owing  to  the  following  early  prejudice.    When  we  look  at  the 

sky  towards  the  zenith,  we  imagine  it  to  be  much  nearer  to 

as,  than  when  we  look  at  it  towards  the  horizon  :  so  that  it 

does  not  appear  spherical,  according  to  the  vertical  section 

£ F G H  I,  but  elliptical,  according  to  the  section  e¥ghh 
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The  Bky  thus  seen  strikes  the  eye  in  the  same  maimer  as  the 

long  arched  roof 

ctf  the  isle  of  a  ^ 

cathedral  church,  y 

or  the  ceiling  of     ;j  / 


a  long  room.  ^/^^ ^^^  \  \ 

This bemg pre-     1 >X  L  »       ■  ^ 

mised,  let  us  con-  vj/ 

sider  tiie  eye  at  C,  on  the  surface  of  the  earth ;  and  imagine  C  at 
the  surface  to  coincide  with  K  at  the  centre ;  to  avoid  taking 
into  consideration  that  the  moon  is  really  farther  from  the  eye 
when  in  the  horizon,  than  when  it  is  some  degrees  high. 
Now  when  the  moon  is  at  G,  we  consider  it  as  at  g^  not 
much  farther  than  G ;  but  when  it  is  at  H,  we  imagine  it  to 
be  at  A,  almost  as  far  again.  Therefore,  while  it  subtends 
nearly  the  same  angle  as  it  did  before,  we  imagine  it  to  be  so 
much  larger,  as  the  distance  seems  to  us  to  be  increased. 

Dr.  D.  contrived  the  following  experiment  to  illustrate  this : 
he  took  two  candles  of  equal  height  and  size,  and  having 
placed  one  at  the  distance  of  six  or  eight  feet  from  the  eye, 
ne  placed  the  other  at  double  that  distance ;  then  causing  any 
unprejudiced  person  to  look  at  the  candles,  he  asked  whicn 
was  largest  ?  and  the  spectator  said  they  were  both,  of  a 
size ;  and  that  they  appeared  so,  because  he  allowed  for  the 
greater  distance.  Then  desiring  him  to  shut  his  eyes  for  a 
time,  Dr.  D.  took  away  the  furthest  candle,  and  placed  an- 
other candle  close  by  the  first  candle,  and  though  it  was  as 
short  again  as  the  others,  and  as  little  again  in  diameter,  the 
■spectator,  when  he  opened  his  eyes,  thought  he  saw  the  same 
candles  as  before.  Whence  it  is  to  be  concluded,  that  when 
031  object  is  thought  to  be  twice  as  far  from  the  eye  as  it  was 
befere,  we  think  it  to  be  twice  as  large,  though  it  subtends  but 
the  same  angle.  —  And  this  is  the  case  of  the  moon,  which 
appears  to  us  as  large  again,  when  we  suppose  it  as  far  again, 
though  it  subtends  only  the  same  angle. 


Qmceming  a  violent  Hurricane  in  ffunHngdanshire^  SqaL  8. 
1741.  By  Mr.  Stephen  Fulleb.-^  [1741.] 
This  was  the  most  violent  hurricane  of  wind  in  these  parts 
in  the  memory  of  man.  Mr.  F.  happened  to  be  at  Bluntsham 
in  Huntingdonshire,  about  10  miles  north-west  of  Cambridge. 
Th^y  were  there  in  the  midst  of  the  hurricane.  The  morn- 
ing, till  half  an  hour  after  1 1,  was  still,  with  very  hard  showers 
of  cain*    At  half  after  U  it  began  to  dear  upJn  the  south, 
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vnth  a  brisk  air,  so  that  they  expected  a  fine  afternoon*  Th« 
south-west  cleared  up  too^  and  the  sun  shining  warm  drew 
them  out  into  the  garden.  They  had  not  been  out  above  10 
minutes  before  the  storm  was  seen  coming  from  the  south* 
-west :  it  seemed  not  to  be  SO  yards  high  &om  the  ground, 
bringing  along  with  it  a  mist,  rollmg  along  with  such  incredi* 
ble  swiftness,  that  it  ran  about  a  mile  and  a  half  in  half  a 
minute.  It  began  exactly  at  12  o'clock,  and  lasted  about  13 
,  minutes,  eight  minutes  in  full  violence :  it  presently  uncovered 
the  house ;  and  some  of  the  tiles,  felling  down  to  windward^ 
were  blown  in  at  the  sashes,  and  against  the  wainscot  on  the 
other  side  of  the  room ;  the  broken  glass  was  blown  all  over 
the  room ;  the  chimnevs  all  escaped ;  but  the  statues  on  the 
top  of  the  house,  and  the  the  balustrades  from  one  end  to  the 
other,  were  all  blown  down.  The  stabling  was  all  blown 
iiown,  except  two  little  stalls*  AS  the  bams  m  the  parish,  ex- 
cept those  that  were  full  of  com  quite  up  to  the  top,  were  blown 
fiat  on  the  ground,  to  the  number  of  about  60.  The  dwelling- 
houses  escaped  best;  there  was  not  above  12  blown  down, 
out  of  near  100.  The  people  all  lefl  their  houses,  and  carried 
their  children  out  to  the  windward  side,  and  laid  them  down 
on  the  ground,  and  laid  themselves  down  by  them ;  and  by 
that  means  all  escaped,  except  one  poor  miller,  who  went  into 
his  mill  to  secure  it  against  the  storm,  which  was  blown  over, 
and  he  was  crushed  to  death  between  the  stones  and  one  of 
th^  large  beams.  All  the  mills  in  the  country  are  blown 
down^ 

.  Hay-stacks  and  com-stacks  are  some  of  them  blown  away ; 
others  into  the  opposite  comer  of  the  field.  The  pigeons 
that  were  caught  m  it  were  dashed  to  pieces.  Wherever  it 
met  with  any  boarded  houses,  it  scattered  their  wrecks  above 
a  quarter  of  a  mile  to  the  north-east  in  aline:  Mr.  F.  followed 
one  -of  these  wrecks ;  and  about  150  yards  from  the  building, 
he  found  a  piece  of  a  rafter  many  feet  long,  and  about  six 
inches  by  four,  sti^ck  upright  two  feet  deep  in  the  ^ound ; 
and  at  the  distance  of  400  paces  from  the  same  buildmg  wa^ 
an  inch  board,  nine  inches  brofid,  and  14  feet  Ippg :  these 
boards  were  carried  up  into  the  air ;  and  some  were  carried 
over  a  pond  above  30  yards ;  and  a  row  of  pale9,  as  much  as 
two  men  could  lift,  were  canned  two  rods  trom  their  places, 
and  set  upright  against  an  amile-tree. 

Pales,  in  general,  were  all  blown  down,  some  posts  were 
broken  off  dose  to  llie  ground,  others  torn  up  by  tlie  stumps. 
The  whole  air  was  fall  of  straw :  gravel-stones,  as  lar^e  as  dip 
top  of  the  little  fingeri  wei'e  blown  off  the  ground  m  at  thp 
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windows;  and  the  very  grass  was  blown  quite  £at  on  the 
ground.    After  the  storm  was  orer,  he  went  out  into  the  town, 
and  such  a  miserable  night  he  never  saw :  the  havoc  abo^e 
described,  the  women  and  children  crying,  the  fiurmers  all  de^ 
jected.  Two  people,  that  were  out  in  it  all  the  time,  said,  that 
they  heard  it  coming  about  half  a  minute  before  they  saw  it ; 
and  that  it  made  a  noise  resembling  thnnder,  more  continued, 
and  continually  increasing.     A  man  came  from  St.  Ives,  who 
says,  the  spire  of  the  steeple,  one  of  the  finest  in  England, 
was  blown  down,  as  was  the  sjMre  of  Hemmingford,  die  towns 
having  received  as  much  damage  as  Bluntsham.    There  was 
neither  thunder  nor  lightning  with  it,  as  there  was  at  Cam'- 
bridge,  where  it  lasted  above  half  an  hour,  and  was  not  so 
violent. 


Of  a  Fire-ball  seen  m  ihe  Atr^  on  Dee.  11*  1741.  JB^ 
Lord  BE)tucBAMP.  —  [1741.] 
Being  then  on  the  mount  in  Kensington  Gn'dens,  at  a 
quarter  past  10  o'clock,  the  sun  shining  bright,  in  a  serene 
sky.  Lord  B.  saw,  towards  the  south,  a  ball  of  fire,  of  about 
eight  inches  diameter,  and  somewhat  oval,  which  enlarged  to  . 
the  size  of  about  a  yard  and  a  half  diameter.  It  seemed  to 
descend  from  above,  and  at  the  distance  of  about  half  a  mile 
from  the  earth  took  its  course  to  the  east,  and  seemed  to 
drop  over  Westminster.  In  its  course  it  assumed  a  tail  of  80 
yards  in  length;  and  before  it  disappeared,  it  divided  into 
two  heads.  It  left  a  train  of  smoke  all  the  way  as  it  went ; 
and  from  the  place  where  it  seemed  to  drop  there  arose  a 
smoke,  which  continued  ascending  for  20  minutes,  and  at 
length  formed  into  a  cloud,  which  assumed  different  colours. 


Coaeeming  the  Fire^baU  in  the  Air^  Dec  11. 1741.     Bif 
Mr,  Chmistopmxr  Mason. —  [1742.] 

Ov  that  day,  at  Bucksteep,  Sussex,  about  a  quarter  before 
one  o'clock  in  the  afternoon,  Mr.  M.  observed  a  verj  dark 
uncommon  a^arance  in  the  north,  and  at  the  same  time  the 
sun  shone  bright  at  his  back ;  when,  on  a  sudden,  there  was 
an  explosion  as  violent  as  the  report  of  a  mortar-piece,  at- 
tended with  a  rumbling  echo,  which  ran  eastward;  and  he 
judges  it  came  from  about  40°  elevation.  Several  people  saw 
a  ball  of  fire,  which  ran  nearly  eastward,  leaving  a  train  of 
light,  which  continued  some  time.  The  ball  of  fire  was 
seen,  and  the  report  heard  very  loud^  at  Sompting,  beyond 
Shoreham.  r-        \ 

Digitized  by  VjOOQ  IC 


ACCOUNT   or   TUB  IIEKY  UETZOK  OP   1741.  287 

Of  the  Fire-ball  seen  Dec.  11.  1741.  By  Mr.  Benj.  Cookm, 
Jp'.B.S.  Bated  Newporiy  in  the  Isle  of  Wight  — [VI ^2."] 
A  GENTLEMAN  was  CD  a  hill  about  three  miles  west  of  that 
tOTvn,  and  had  a  very  advantageous  view  of  the  fire-ball.  He 
fays,  that  the  brightness  of  the  sun  was  a  little  obscured  by 
the  interposition  of  some  thin  clouds,  when  he  saw  it  pass 
hy  to  the  eastward,  at  about  the  distance  of  a  quarter  of  a 
imle,  and  an  apparent  height  of  30  feet  above  Uie  level  of 
the  place  where  he  stood.  Its  colour  was  that  of  a  bum- 
mg  coal;  its  figure  a  cone,  whose  length  might  be  eight  feet, 
and  diameter  at  the  base  18  inches.  From  about  its  apex, 
which  was  its  hinder  part,  issued  several  bright  streama 
sparkling  with  fiary  drops,  to  the  length  of  about  four  or  five 
feet.  Its  motion  was  nearly  parallel  to  the  plane  of  the  ho- 
rizon, and  its  direction  about  from  south-west^by-south  to 
north-east-by-north,  without  any  noise,  wind,  or  motion  of  the 
earth  atteni&ig  it. 


Account  of  ike  Fire-baU  seen  Bee.  11.  1741.    By  Oigfi. 
William  Gordon*  —  [1742.] 

On  Friday  the  11th  of  December,  1741,  about  one  P.  M. 
eoming  by  water  from  the  city  io  Whitehall,  and  near  to 
Hungerford  Stairs,  there  appeared  to  Capt.  G.,  between 
Yamdiall  and  Lambeth,  a  body  of  fire :  it  sprung  upwards  in 
its  ascent  almost  perpendicular  to  the  horizon,  to  the  height 
of  about  35^,  in  the  space  of  a  few  seconds,  and  nearly  in 
form  of  a  large  paper  kite,  projecting  a  long  tail  towards  the 
north-west,  not  unlike  those  of  slips  of  paper  set  on  fire ;  in 
this  state  it  continued  so  long,  that  he  made  the  waterman 
lay  his  oars  in,  that  he  might  Sie  more  easily  observe  whether 
it  was  the  work  of  art  or  nature,  as  he  was  in  some  doubt. 
It  had,  from  its  first  appearance,  expanded  itself  considerably, 
so  that  the  extreme  breaddi  was  seemingly  equal  to  the  dia- 
meter of  a  fttll  moon  arising  jBrom  a  dusky  horizon.    In  this 
form  it  continued  ascending  for  the  space  of  two  minutes, 
gently  shooting  to  the  north-east,  till  it  arose  to  about  45** ; 
then  suddenly  quitting  its  tail,  which  vanished,  colouring  tlije 
neighbouring  clouds  with   a  yellow  on  their  separation,  it 
formed  itself  first  into  a  ball  of  fire ;  then  shooting  quickly 
to  the  south-east  in  a  stream  of  light,  disappeared,  making  a 
noise  like  a  clap  of  thunder  at  some  distance,  and  leaving 
behind  it  a  smol^  substance  in  its  track. 
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Account  of  Margarei  CutHnff^  a  yowng  WomaHy  ai  WiMam 
Market^  in  Suffolkf  who  speaks  readily  and  inielUgibly^ 
ihough  she  has  tosther  Tongue.  By  Hmnry  BakeBs  F*B.S* 

Ipsuriehf  April  9.  1742. — We  have  this  day  been  at 
Wickham  Market,  to  satisfy  our  curiosity  concerning  Mar^ 
garet  Cutting,  a  young  woman,  who,  we  were  informed,  could 
talk  and  discourse  wittiont  a  tongue. 

She  informed  us,  that  she  was  now  more  than  20  years 
of  age,  bom  at  Tumstal,  a  village  within  four  miles  of  Wickham 
Market,  in  Suffolk,  where  she  lost  her  tongue  by  a  cancer^ 
beinff  then  about  four  years  old.  It  first  appeared  like  a 
amall  black  speck  on  the  upper  superficies  of  the  tongue,  and 
aoon  ate  its  way  quite  to  its  root.  She  was  under  the  care 
of  Mr.  Scotcbroore,  a  surgeon  of  Saxmundham,  who  soon 
pronounced  die  case  incurable :  however,  he  continued  using 
the  best  means  he  could  for  her  relief.  One  day  when  he 
was  syringing  it,  the  tongue  dropped  out,  and  they  received 
it  into  a  plate,  the  girl,  to  their  amazement,  saying  to  her 
mother,  «  Don't  be  frighted,  mamma;  it  will  ^ow  again." 
It  was  near  a  quarter,  of  a  year  after,  before  it  was  quite 
cured. 

We  proceeded  to  examine  her  mouth  with  the  greatest  ex* 
actness  we  could,  but  found  not  the  least  appearance  of  any 
remaining  part  of  a  tongue,  nor  was  there  any  uvula.  We 
observed  a  fleshy  excrescence  on  the  under  left  jaw,  extend- 
ing itself  almost  to  the  place  where  the  uvula  should  be, 
al^ut  a  finger  broad:  this  excrescence,  she  said,  did  not 
begin' to  grow  till  some  years  afler  the  cure:  it  is  by  no 
means  movable,  but  quite  fixed  to  the  parts  adjacent.  The 
passage  down  t^e  throat,  at  the  place  where  the  uvula  should 
be,  or  a  little  to  the  right  of  it,  was  a  qircul^  open  hole,  large 
enough  to  adtnit  a  small  nutmeg. 

Notwithstanding  the  want  of  so  necessary  an  organ  as  tlie 
tOQgue  was  generally  supposed  to  be,  to  fi>rm  a  great  part  of 
our  speech,  and  likewise  to  be  assbting  in  deglutition,  to  our 
great  admiration,  she  performed  the  oflSice  of  deglutition,  both 
in  swallowing  solids  and  fluids,  as  well  as  we  qpuld,  and  in 
the  same  manner ;  and  as  to  speech,  she  discoursed  as  fluently 
and  well  as  other  persons  do ;  though  we  observed  a  smaU 
sound,  like  what  is  usually  called  speaking  through  the  no&ie; 
but  ^he  said  she  had  then  a  great  cold,  and  she  believed  that 
occasioned  it.  She  pronounced  letters  and  syllables  very  a^* 
ticuli^tely ;  the  vowels  she  pronounced  perfect v^  as  also  those 
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consonants,  syllables,  and  words,  that  seemed  necessarily  to 
require  the  help  of  the  tongue. 

She  read  to  us  in  a  book  very  distinctly  and  plain ;  only  we 
observed,  that  sometimes  she  pronounced  words  ending  in  ath 
as  ei;  end  as  emb ;  ad  as  eS^;  but  it  required  a  nice  and 
strict  attention  to  observe  even  this  difference  of  sound.  She 
sings  very  prettily,  and  pronounced  her  words  in  singing  as 
is  common.  What  is  still  very  wonderful,  notwithstanding 
the  loss  o£  this  useful  organ  the  tongue,  which  is  generally 
allowed  by  anatomists,  and  natural  philosophers,  to  be  the 
chiefs  if  not  the  sole,  organ  of  taste,  she  distinguishes  all  tastes 
very  nicely,  and  can  tell  the  least  perceivable  difference  in 
dther  smell  or  taste. 

We  the  underwritten  do  attest  the  above  to  be  a  true 
account.  Bmjaimn  Boddmgixm. 

'William  NetciUty  Minister. 
WUHam  Hammond^  Apothecary. 


The  Effects  of  CM  at  Prince  of  Wales's  Forty  on  ChurchiU 
JRiveTi  in  Hudson^  s  Bay^  tiforih  America.  By  Capt 
Christopher  Middleton,  F.R.S.-^  [174'2.] 

Capt.  M.  observed,  that  the  hares,  rabbits,  foxes,  and 
partridges,  in  September,  and  the  beginning  of  October, 
c^ianged  their  native  colour  to  a  snowy  white ;  and  that  for 
six  months,  in  the  severest  part  (^  the  winter,  he  never  saw 
any  but  what  were  all  white,  except  some  foxes  of  a  different 
sort,  which  were  grizzled,  and  some  half  red,  half  white. 

That  lakes  and  standing  waters,  which  are  not  above  10  or 
12  feet  deep,  are -frozen  to  the  ground  in  winter,  and  the 
.fishes  in  them  all  perish.  Yet  in  rivers  near  the  sea,  and 
lakes  of  a  greater  depth  than  10  or  12  feet,  fishes  are  caught  all 
the  winter,  by  cuttmg  holes  through  the  ice  down  to  tlie 
water,  and  putting  lines  and  hooks  in  them. 

^  Beef,  pork,  mutton,  and  venison,  that  are  killed  at  the  be- 
ginning of  the  winter,  are  preserved  by  the  frost,  for  six  or 
seven  months,  entirely  free  from  putrefaction,  and  prove  to- 
terably  good  eating.  Likewise  geese,  partridges,  and  other 
fowl,  that  are  killed  at  the  same  time,  and  kept  with  their 
feathers  on,  and  guts  in,  require  no  other  preservative,  but  the 
fi'Ost,  to  make  them  good  wholesome  eating,  as  long  as  the 
wint^  continues.  All  kinds  of  fish  are  preserved  in  the  like 
manner. 

In  large  lakes  and  rivers,  the  ice  is  sometimes  broken  by 
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imprisoned  vapours ;  and  the  rocks,  trees,  joists,  and  raflers  nf 
our  buildings,  are  burst  with  a  noise  not  less  terrible  tlian  the 
firing  of  a  great  many  guns  together.  The  rocks  which  are 
split  by  the  irost  are  heaved  up  in  great  heaps,  leaving  large 
cavities  behind ;  which  may  be  caused  by  imprisoned  wateiy 
vapours,  that  require  more  room,  when  frozen,  than  they  oc- 
cupy in  their  fluid  State.  Neither  is  it  wonderful  that  the 
frost  should  be  able  to  tear  up  rocks  and  trees,  and  split  the 
beams  of  our  houses,  when  we  consider  its  great  force  and 
elasticity.  If  beer  or  water  be  left  in  mugs,  cans,,  f>ottle9» 
or  copper  pots,  though  they  were  put  by  our  bed-sides,  in  a 
severe  night  they  are  surely  split  to  pieces  before  morning, 
not  being  able  to  withstand  ihe  expansive  force  of  the  izv- 
dosed  ice. 

Bottles  of  strong  beer,  brandy,  strong  brine,  spirits  qf 
wine,  set  out  in  the  open  air  for  three  or  four  hours,  freeze 
to  solid  ice.  He  tried  to  get  the  sun's  refraction  to  every 
degree  above  the  horizon,  with  the  quadrant,  but  to  no 
purpose,  for  the  spirits  froze  ahnost  as  soon  as  brought  into 
open  air. 

The  frost  is  never  out  of  the  ground ;  how  deep  cannot  be 
certain.  >They  have  dug  down  10  or  12  feet,  and  found  the 
^.earth  hard  frozen  in  the  two  summer  months;  and  what 
moisture  is  found  five  or  sbc  feet  down  is  white  like  ice. 
Th^  waters  or  rivers  near  the  sea,  where  the  current  of  the 
tide  flows  strong,  do  not  freeze  above  nine  or  10  feet  deep.  < 

AH  the  water  used  for  cooking,  brewing,  &c  is  melted 
snow  and  ice;  no  spring  is  yet  found  free  from  freezing, 
though  dug  ever  so  deep  down.  All  waters  inland  are  frozen 
fast  by  the  beginning  of  October,  and  continue  so  till  the 
middle  of  May. 

The  walls  of  the  house  they  lived  in  are  of  stone,  two  fe^ 
thick,  the  windows  very  small,  with  thick  wooden  shutters, 
which  are  close  shut  18  hours  every  day  in  the  winter. 
"[Fhere  are  cellars  under  the  house,  where  are  put  the  wines, 
brandy,  strong  beer,  butter,  cheese,  &c.  Four  large  fires  are 
made  in  great  stoves,  built  on  purpose,  every  day.  As  soon 
as  the  wood  is  burnt  down  to  a  coal,  the  tops  of  the  chimneys 
are  close  stopped  with  an  iron  cover :  this  keeps  the  heat 
within  the  house,  though  at  the  same  time  the  smoke  makes 
their  heads  ache,  and  is  very  ofPensive  and  unwholesome.; 
notwithstanding  which,  in  four  or  five  hours  after  the  fire  is 
out,  the  inside  of  the  walls  of  the  house  and  bed-places  wiH 
be  two  or  three  inches  thick  with  ice,  which  is  every  mommg 
cut  away  with  a  hatchet.    Three  or  |bur  tpes  a  day  they 
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make  ifon  shot  of  24  pounds  weight  red-hot,  and  hang  them 
up  in  the  windows  of  the  apartments.  Though  a  good  fire 
be  in  the  room  the  major  part  of  the  24  hours,  yet  all  this 
will  not  preserve  the  beer,  wine,  ink,  &c.  from  freezing. 

Coronae  and  parhelia,  commonly  called  halos  and  mock- 
suns,  appear  frequently  about  the  sun  and  moon  here.  They 
are  seen  once  or  twice  a  week  about  the  sun,  and  once  or 
twice  a  month  about  the  moon,  for  four  or  five  months  in  the 
winter,  several  coronse  of  different  diameters  appearing  at 
the  same  time.  Five  or  six  parallel  coronas,  concentric  with 
the  sun,  are  seen  several  times  in  the  winter, -^^  being,  for  the 
most  part  very  bright,  and  always  attended  with  parhelia  or 
mock-suns.  The .  parhelia  are  always  accompanied  with 
coronae,  if  the  weather  be  clear ;  and  continue  for  several 
days  together,  from  the  sun's  rising  to  his  setting.  These 
rings  are  of  various  colours,  and  about  40  or  50  degrees  in 
diaj^ieter.  The  frequent  appearance  of  these  phenomena  in 
this  frozen  clime  seems  to  confirm  Des  Cartes's  hypothesis, 
who  supposes  them  to  proceed  from  ice  suspended  in  the  ai^ 

The  aurora  borealis  is  much  oftener  seen  here  than  in 
England ;  seldom  a  night  passes  in  the  winter  free  from  its 
appearance.  It  shines  with  a  surprising  brightness,  darkening 
all  the  stars  and  planets,  and  covering  the  whole  hemisphere; 
its  tremulous  motion  from  all  parts,  as  well  as  its  beauty  a^ 
lustre,  is  much  the  same  as  in  the  northern  parts  of  Scotland 
^nd  Denmark,  &c. 


Chnceming  a  Man  who  lived  18   Years  on  Water.    By 
Mr*  Robert  Campbell,  ofKernan,  —  [1742.] 

About  18  years  since,  viz.  about  1724,  John  Ferguison, 
of  the  parish  of  Killmelfoord,  in  Argyleshire,  happened  to 
overheat  himself  on  the  mountains,  in  pursuit  of  cattle,  and 
in  that  condition  drank  excessively  of  cold  water  from  a 
rivulet,  near  by  which  he  fell  asleep ;  he  awaked  about  24 
hours  after  in  a  high  fever ;  during  the  paroxysm  of  the  fevef, 
and  ©ver  since  that  time,  his  stomach  loathes,  and  can  retain 
no  kind  of  aliment,  except  water,  or  clarified  whey,  which 
last  he  uses  but  seldom,  there  being  no  such  thing  to  be  had 
by  persons  of  his  condition  in  that  country  during  many 
months  in  the  year. 

Archibald  Campbell  of  Ineverliver,  to  whom  this  man  s 
father  is  tenant,  carried  him  to  his  own  house,  and  locked 
him  up  in  a  chamber  for  20  days,  and  supplied  him  himself 
with  fresh  water,  to  no  greater  quantity  in  a  day  than  an 
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ordinary  man  would  U0e  for  common  drink ;  and  at  the  i 
time  took  particular  care,  that  it  should  not  be  possible  for 
his  guest  to  supply  himself  with  any  other  kind  of  food 
without  his  knowledge ;  yet  after  that  space  o(  time,  he  found 
AO  alteration  in  his  vigour  or  visage. 

He  is  now  about  36  years  of  age ;  of  middle  stature ;  with 
a  healthy,  though  not  seemingly  robust,  complexion;  his 
habit  of  body  is  meagre,  but  in  no  remarkable  degree ;  his 
ordinary  emplo3rment  is  looking  afler  cattle;  for  which  he 
must  travel  four  or  five  miles  a  day  in  that  mountainous 
country. 


Observations  and  Experiments  on>  the  Fresk-nfoier  PobfpuM* 
By  M.  Trembley,  at  the  Hague.  Translated  from  the 
French,  by  P.  H.  Z^  F.R.JS.  —  (;i742.] 

The  animal  m  question  is  an  aquatic  being, 
It  is  represented  as  sticking  to  a  twig.    Its 
body  A  B,  which  is  pretty  slender,  has  on  its 
anterior  extremity  A,    several   horns,   AC, 
which  serve  it  instead  of  legs  and  arms,  and 
which  are  yet  slenderer  than  the  body.    The 
mouth  of  the  polypus  is  in  that  anterior  ex- 
tremity; it  opens  into  the  stomach,  which^       ,     .  , 
takes  up  the  whole  length  of  the  body  AB.         ^  ^ 
This  whole  body  forms  but  one  pipe ;  a  sort  of  gut,  which  ean 
be  opened  at  both  ends. 

The  length  of  the  body  of  a  polypus  varies  according  to 
its  different  species,  and  accordmg  to  many  other  circum- 
stances, to  be  mentioned  hereafter. 

M.  Trembley  knows  two  species,  of  which  he  has  seen 
some  individuals  extend  their  bodies  to  the  length  of  an  inch 
and  a  half;  but  this  is  uncommon.  Few  are  generally  found 
above  nine  or  10  lines  long ;  and  even  these  are  of  the 
larger  kind.  The  body  of  the  polypus  can  contract  itself,  so 
as  not  to  be  above  a  line,  or  thereabouts,  in  length.  Both  hi 
contracting  and  extending  itself,  it  can  stop  at  any  degree 
imaginable,  between  that  of  the  greatest  extension,  and  of  the 
greatest  contraction. 

The  length  of  the  arms  of  the  polypus  differs  also  accord- 
ing to  the  several  species  :  those  of  one  of  the  species  can 
be  extended  to  the  length  of  seven  inches  at  least.  The 
number  of  legs  or  arms'  is  not  always  the  same  in  the  same 
species.  We  seldom  see  in  a  polypus,  come  to  its  full  growtliy 
fewer  than  six.    The  same  may  be  said  of  the^extension,  and 
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4£  the  contraction  of  the  anns,  as  was  said  concerning  the 
body.  The  body  and  the  arms  admit  of  inflexions  in  all 
dieir  parts ;  and  that  in  all  manner  of  ways.  From  the  dif- 
ferent degrees  of  extensiim,  contraction,  and  inflexion,  which^ 
th!e  body  and  the  arms  of  the  polypus  admit  of,  result  a  great 
variety  of  figures,  which  they  can  form  themselves  into. 

These  animals  do  not  swim ;  they  crawl  upon  all  the  bodies 
they  meet  with  in  the  water ;  or  on  the  ground,  on  plants,  on 
pieces  of  wood,  &c  Their  most  common  position  is,  to  fix 
themselves  by  their  posterior  end  B,  to  somethmg,  and  so 
stretch  their  body  ana  arms  forwards  into  the  water. 
,  They  make  use  of  their  progressive  motion,  to  place  them- 
adhres  conventently,  so  as  to  catch  their  prey.  They  are 
YDrjEuaaus  animals :  their  arms  extended  into  the  water, 
ace  so  many  snares  which  they  set  for  numbers  of  small  in* 
sects  that  are  swimming  there.  As  soon  as  any  of  them 
touches  one  itf  the  arms,  it  is  caught.  The  polypus  then  con- 
veys the  prey  to  its  mouth,  by  contracting  or  bending  its  arm. 
If  the  prey  be  strong  enough  to  make  resistance,  he  makes 
use  of  several  arms.  A  po^us  can  master  a  worm  twice  or 
thrice  as  long  as  himself.  He  seizes  it,  he  draws  it  to  his 
nviuth,  and  so  swallows  it  whole.  If  the  worm  come  end- 
ways to  the  moudi,  he  swallows  it  by  that  end ;  if  not,  he 
iiuikes  it  enter  double  into  his  stomach,  and  the  skin  of  the 
polypus  giveaway^  The  .size  of  the  stomach  extends  itself, 
ao  as  to  take  in  a  much  larger  bulk  than  that  of  the  pol3rpus 
itself,  before  it  swallowed  the  worm.  The  worm  is  forced  to 
miake  several  winiSngs  and  folds  in  the  stomach,  but  does  not 
keep  there  long  alive ;  the  polypus  sucks  it,  and  after  havu^ 
drawn  firom  it  what  serves  for  his  nourishment,  he  voids  the 
remainder  by  his  mouth,  and  these  are  his  excrements.  Ac- 
oer^g  as  the  weather  is  moi«  or  less  hot,  the  polypus  eats 
more  or  less,  oftener  or  otherwke. 

They  grow  in  proportion  to  what  they  eat;  they  can  bear 
to  be  whole  m<Hiths  without  eating,  but  then  they  waste  in 
prapordon  to  their  fasting. 

The  observations  in  the  Philos.  Trans,  principally  concern 
die  manner  in  whid)  these  polypi  multiply.  What  is  there 
said  of  them  is  true  and  exact.  The  more  we  search  hito 
the  manner  how  a  polypus  comes  from  the  body  of  its  parent^ . 
the  mcnre  we  are  persuaded  that  it  is  done  by  a  true  veget- 
ation. There  is  not  on  the  body  of  a  polypus  any  distin- 
guished place,  by  which  they  bring  forth  tiieir  young.  M,  T. 
had  some  of  them,  that  greatly  multiplied  under  his  eyes, 
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and  of  which  he  can  almost  say,  that  they  have  produoad 
young  ones  from  all  the  exterior  parts  of  their  body.. 
,  A  polypus  does  not  always  put  forth  a  single  young  one  at- 
a  time ;  it  is  a  common  thing  to  find  those  which  produce 
five  or  six :  he  had  some  which  put  forth  nine  or  10  at  the 
game  time,  and  when  one  dropped  o£P,  another  came  in  its 
place.  These  animals  seem  so  many  stems,  from  which  issue 
many  branches.  He  learned  by  a  continual  attention  to  two 
species  of  them,  that  all  the  individuals  of  these  species  pro- 
duce young  ones. 

He  next  proceeds  to  the  singularities  resulting  from  the 
operations  he  tried  upon  them.  If  the  body  of  a  polypus  be 
cut  into  two  parts  transversely)  each  of  those  parts  becomea  a* 
complete  polypus.  On  the  very  day  of  the  operation,  the 
first  part,  or  anterior  end  of  the  polypus,  that  is,  the  head,  t^e; 
mou&,  and  the  arms,  lengthens  itseU^,  it  creeps  and  eats.        ) 

The  second  part,  which  has  no  head,  gets  one :  a  mouth 
forms  itself,  at  the  anterior  end,  and  shoots  forth  arms.  This- 
reproduction  comes  about  more  or  less  quickly  according  as 
the  weather  is  more  or  less  warm.  In  summer,  he  has  seea 
arms  begin  to  sprout  out  24*  hours  afler  the  operation,  and 
the  new  head  perfected  in  every  respect  in  a  few  days. .  Each; 
of  those  parts  thus  becomes  a  perfect  polypus,  performs  abso* 
lutely  all  its  functions.  It  creeps,  it  ealts,  it  grows,  and  it 
multiplies ;  and  all  that»  as  much  as  a  polypus  which  never; 
had  been  cut. 

In  whatever  place  the  body  of  a  polypus  is  cut>  whether  ia 
the  middle,  or  more  or  less  near  the  head,  or  the  posterior 
part,  the  experiment  has  always  the  same  success.  If  a  po^ 
lypus  be  cut  transversely,  at  the  same  moment^  into  three  or 
K>ur  parts,  they  all  equally-become  so  many  complete  ones. 

The  animal  is  too  small  to  be  cut  at  the  same  time  into  a 
fireat  number  of  parts;  he  therefore  did  it  successively.  He 
first  cut  a  polypus  into  four  parts,  and  let  them  grow;  next  he 
cut  those  quarters  again  ;  and  at  this  rate  he  proceeded,  till 
he  had  made  '50  out  of  one  single  one ;  and  here  he  stopped^ 
for  there  would  have  been  no  end  of  the  experiment.  He 
has  several  parts  of  the  same  polypus,  cut  into  pieces  about  a 
year  before ;  since  which  time  they  have  produced,  a  great 
number  of  young  ones. 

A  polypus  may  also  be  cut  in  two  lengthways.  Beginning 
by  the  head,  one  first  splits  the  head,  and  afterwards  the 
stomach  :  the  polypus  being  in  the  form  of  a  pipe,  each  half 
of  what  is  thus  cut  lengthways  forms  a  half-pipe ;  the  anterior 
extremity  of  wliich  is  terminated  by  the  half  of  the  head,  the 
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balf  of  the  mouth,  and  part  of  the  arms.  It  is  not  long  be- 
fore the  two  edges  of  those  half-pipes  dose,  afler  the  oper- 
ation. They  generally  begin  at  the  posterior  part,  and  close 
1^  by  degrees  to  the  anterior  part  Then  each  half-pipe  be- 
comes a  whole  one,  complete :  a  stomach  is  formed  m  which 
nothing  is  wanting,  and  out  of  each  half-mouth  a  whole  one 
is  formed  alsa. 

He  has  seen  aU  this  done  in  less  than  an  hour ;  and  that 
the  polypus,  produced  firom  each  of  those  halves,  at  the  end 
of  that  time  did  not  differ  from  the  whole  ones,  except  that  it 
had  fewenmns ;  but  in  a  few  days  more  grew  out.  He  has 
cat  a  polypus  iengthways,  between  seven  and  eight  in  the 
morning,  and  between  two  and  three  in  the  afternooki  each 
of  the  parts  has  been  able  to  eat  a  worm  as  long  as  itself*. 

.  If  a  polypus  be  cut  Fen^ways,  beginning  at  the  head,  and 
ibe  section  be  not  earned  quite  through,  the  residt  is,  a 
polypus  with  two  bodies,  two  heads,  and  one  taiL  Some  of 
those  bodies  and  heads  may  again  be  cut  lengthways,  soon 
after.  In  this  manner  he  has  produced  a  polypus  that  had 
seven  bodies,  as  many  heads,  and  one  tail*  He  afterwards  at 
once  cut  off  the  seven  heads  of  this  new  hydra :  seven  othen 
grew  again ;  and  the  heads  that  were  cut  off  became  each  a 
ciMnplete  polypus. 

He.  cut  a  polypus  transversely,  into  two  parts :  he  put 
these  two  parts  dose  to  each  other  again,  and  they  re-united 
where  they  had  been  cut«  The  polypus,  thus  re-united,  ate 
the  day  lifter  it  had  undergone  this  operation :  it  afterwards 
grew,  and  multiplied. 

He  took  the  posterior  part  of  one  polypus,  and  the  anterior 
of  another,  and  brought  them  to  re-unite  in  the  same  manner 
as  the  foregoing :  next  day,  the  polypus  that  resulted,  ate^ 
it  had  continued  well  two  montlis  after  the  operation; 
grew,  and  put  forth  young  ones,  from  each  of  the  parts  of 
which  it  was  formed.  The  two  foregoing  experiments  do  not 
alwi^  succeed :  it  often  happens  that  the  two  parts  will  not 
job  again. 

•  To  comprehend  the  foUowing  experiment,  we  should  re- 
odlect,  that  the  whole  body  of  a^lypus  forms  only  one  pipe, 
assort  of  gut,  or  pouch.  He  has  been  able  to  turn  that 
pouch,  that  body  of  the  polypus,  inside  outwards ;  as  one 
may  turn  a  stodmg.  He  haa  sevend  bjr  him,  that  have  re- 
mamed  turned  in  this  manner:  their  inside  is  become  their, 
outside,  and  their  outside  their  inside :  they  eat,  they  grow, 
and.they  multiply,  as  if  they  had  never  been  turned 
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Concerning  the  wonderfid  Increase  ofAe  Seeds  of  PlawUy  e.  g. 
of  the  Upright  MaUow.  By  Joseph  HoBSON  of  Macde^feld. 
Ik  the  upright  mallow,  the  seecU  being  disposed  in  rings, 
Mr.  H.  counted  those  which  were  on  the  principal  stems,  and 
found  them  as  follows :  — 

Rings  in  all  -  -  •    10499 

Multiply  bj  seeds  in  (me  ring  •  12  Seeds*' 

Number  of  seeda  •  •    122,988 

Allow  for  two  hnrge  stems  destroyed         7612 


Seeds  in  all  ...    130,000 


He  then  counted  the  seeds  in  several  particular  rings,  and 
found  them  commonly  14  m  eadb,  but  has  confined  hiinsdf  to . 
multiply  the  rings  by  12,  which  is  nsoderate,  yet  makes  thenmn* 
ber  of  seeds  amount  to  180,000,  allowing  7612  seeds  finr  two 
large  stems  cut  down  and  destroyed;  a  modoate  allowance, 
considering  two  of  the  stems  alone  contain  each  idbove  1000 
rings :  some  of  these  stems  were  above  two  yards  and  a  half 
blgh»  This  plant  was  a  seedling  last  year,  transf^bnted  out  of 
the  .fields  t)n  the  end  df  a  sloping  strawberry-bed;  and  he  • 
counted  the  rings  in  the  middle  of  July,  when  it  had  thou* 
sands  of  flowers  upon  it,  which,  with  thousands  that  must 
still  succeed,  might  very  probably  produce  at  least  50,000 
seeds  more,  even  su{^posing  many  of  the  flowers  to  produce 
no  seed,  considering  1000  rings  contain  12,000  seeds  and 
more;  and  if  we  multiply  the  number  of  rings  actually 
counted  by  14,  the  number  of  seeds  contained  hi  one  ring, 
instead  of  12,  we  shall  have  an  addition  of  20,000  seeds,  all 
which,  added  together,  amount  to  200,000,  the  possible  in^ 
crease  of  one  seed. 


On  the  Method  of  Fluxions.    By  Colin  Maclavrvx. 

Thb  grounds  of  the  method  of  fluxions  are  as  fiiUows  i«— 
Magnittjules  are  conceived  to  be  generated  by  jnoeuM ;  and 
the  vetocity  of  the  g«^ratmg  motion  is  the  fluxion  of  the 
magnitude. 

Lines  are  sujpposed  to  be  generated  by  the  motion  of  points. 
The  velocity  or  the  point  that  descr9)es  the  line  is  its  fluxion, 
and  measures  the  rate  of  its  increase  or  decrease. 

Other   magnitudes   may  be  represented   by  lines  that. 
increase  or  decrease  in  the  same  proportion  with  them ;  and 
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their  iltuuons  will  be  in  the  same  proportion  as  the  fluxions 
of  those  liaesy  or  the  velocities  of  the  points  that  describe 
them. 

When  the  motion  of  a  point  is  uniform,  its  veloci^  is 
coDStanty  and  is  measured  by  the  space  which  is  described  by 
k  in  a  given  time.  When  the  motion  varies,  the  velocity  at 
any  term  of  the  time  is  measured  by  the  space  which  would 
be  described  in  a  given  time,  if  the  motion  was  to  be  con- 
tinued uniformly  from  that  term  without  any  variation. 

In  order  to  determine  that  space,  and  consequently  the 
vdocity  which  is  measured  by  it,  four  axioms  are  proposed 
concerning  variable  motions,  two  concerning  motions  that 
are  accelerated,  and  two  concerning  such  as  are  retarded. 

The  first  is,  that  the  space  described  by  an  accelerated 
motion  is  greater  than  the  space  which  would  have  been 
described  in  the  same  time,  if  it  had  not  been  accelerated, 
but  had  continued  uniform  from  the  beginning  of  the  time. 

The  second  is,  that  the  space  which  is  described  by  an 
accelerated  motion  is  less  than  the  space  which  is  de- 
scribed in  an  equal  time  by  the  motion  which  is  acquired 
by  that  acceleration  continued  afterwards  uniformly.  By 
these,  and  two  similar  axioms  concerning  retarded  motions, 
the  theory  of  motion  is  rendered  applicsSile  to  this  doctrine 
with  fike  greatest  evidence,  without  supposing  quantities 
infinite^  little,  or  having  recourse  to  prime  or  ultimate 
ratios. 

The  author  first  demonstrates  firom  theni  all  the  general 
theorems  concerning  motion,  that  are  of  use  in  this  doctrine ; 
as,  that  when  the  spaces  described  by  two  variable  motions 
are  always  equal,  or  m  a  given  ratio,  the  velocities  are  always 
equal,  or  in  the  same  given  ratio ;  and  conversely,  when  the 
velocities  of  two  motions  are  always  equal  to  each  other,  or 
iq  a  given  ratio,  the  spaces  described  by  those  motions  in  the 
same  time  are  always  equal,  or  in  that  given  ratio ;  that  when 
a  space  is  always  equal  to  the  sum  or  difference  of  tlie  spaces 
described  by  two  other  motions,  the  velocity  of  the  first  motion 
is  always  equal  to  the  sum  or  difference  of  the  velocities  of 
th^  other  motions ;  and  conversely,  that  when  a  velocity  is 
always  equal  to  the  sum  or  difference  of  two  other  velocities, 
the  space  described  by  the  first  motion  is  always  equal  to  the 
sum  or  difference  of  the  spaces  described  by  these  two  other 
motions. 

In  comparing  motions  in  this  doctrine,  it  is  convenient  and 
usual  to  suppose  one  of  them  uniform ;  and  it  is  here 
demonstrated,  that  i£  the  relati<Hi  of  the  quantities  be  always 
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^et^rmined  by  the  same  rule  or  equation,  the  ratio  of  ]^ 
motions  is  determined  in  the  same  manner,  when  both  are? 
supposed  variable.  These  propositions  are  demonstrated, 
i^trictly  by  the  same  method  which  is  adopted  for  deter- 
Alining  the  fluxions  of  figures. 

A  TRIANGLE  that  has  two  of  its  sides  given  in  position,  is, 
supposed  to  be  generated  by  an  ordinate  moving  parallel  to 
itself  along  l^he  base.    When  the  base  increases  uniformly^: 
the  triangle  increases  with  an  accelerated  motion^  because  its 
successive  increments  are  trapezia,  that  continuadly  increase. 
Therefore,  if  the  motion  with  which  the  triangle  flows  was.- 
continued  uniformly  from  any  term  for  a  given  time,  a  less . 
space  would  be  described  by  it  than  the  increment  of  the 
triangle  which  is  actually  generated  in  that  time  by  axiom  .1., 
but  a  greater  space  than  the  increment  which  was  actually 
g^enerated  in  an  equal  time  preceding  that  term,  by  axiom  2. ;: 
and  hence  it  is  demonstrated,  that  &e  fluxion  of  die  triangle., 
is  accurately  measured  by  the  rectangle  contained  by  we 
corresponding  ordinate  of  the  triangle,  and  the  right  line- 
which  measures  the  fluxion  of  the  base.    The  increment 
which  the  triangle  acquires  in  any  time  is  resolved  into  two 
parts ;  that  which  is  generated  in  consequence  of  the  motion 
with  which  the  triangle  flows  at  the  beginning  of  the  time, 
and  that  which  is  generated  m  consequence  of  the  acceler*  - 
ation  of  this  motion  for  the  san^  time-    The  latter  is  justly 
neglected  in  measuring  that  lyCotion,  or  the  fluxion  of  the 
triangle  at  that  term,  but  may  «erve  for  measuring  its  acceler- 
ation, of  the  second  fluxion^  the  triangle.     The  motion  with 
which  the  triangle  flows  is  similar  to  £at  of  a  body  descend* 
ing  in  free  spaces  by  a  uniform  gravity,  the  velocity  of  whicb» . 
at  any  term  of  the  time,  is  not  to  be  measured  by  the  space 
described  by  the  body  in  a  given  time,  either  before  or  after 
that  term,  because  the  motion  continually  increases^  but  by 
a  mean  between  these  spaces. 

When  the  sides  of  a  rectangle  increase  or  decrease  witli 
uniform  motions,  it  may  Be  always  considered  as  the  sum  or 
difference  of  a  triangle  and  trapezium ;  and  its  fluxion  ia 
derived  from  the  last  proposition.  If  the  sides  increase  with 
uniform  motions,  the  rectangle  increases  with  an  accelerated 
motion ;  and  in  measuring  this  motion  at  any  term  of  the  . 
time,  a  part  of  the  increment  of  the  rectangle,  that  is  here 
determined,  is  rejected,  as  generated  in  consequence  of  the . 
acceleration  of  that  motion. 

The  fluxions  of  a  cvbvilikxal  area  (whether  it  be 
generated  by  an  ordinate  moving  parallel  to  itself,  or  by  a  ray 
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revohring  about  ti  given  centre,)  and  of  the  solid,  generated 
by  the  area  reTolTing  about  the  base,  are  determined  by 
demonstrations  of  the  same  kind ;  and  when  the  ordinates  of 
.  the  figure  increase,  the  increment  of  the  area  is  resolved  in 
like  manner  into  two  parts,  one  of  which  is  only  to  be  retained 
in  measuring  the  fluxion  of  the  area,  the  other  bemg  rejected 
as  venerated  in  consequence^  of  the  acceleration  of  the 
motion  with  which  the  figure  flows.  An  illustration  of  the 
second  and  third  fluxions  is  giyien  by  resolving  the  increment 
of  a  pyramid  or  cone  into  the  several  respective  parts  that 
are  conceived  to  be  generated  in  consequence  of  the  first, 
BBcaadf  and  third  fluxions  of  the  solid,  when  the  axis  is 
supposed  to  flow  uniformly. 

Scmejiirther  Account  ofPo^ph  in  a  Letter  from  (Jte  Duke  of 
,    jRicHMOjfDi  F,IL  S.,  to  M.  FoLKESy  Esq.  Pr,  R,  S.    Dated 
Utrechty  May  24.  [^Jum  4.)  1743. 

Yea  wiU  not  be  sorry  to  receive  some  further  account  of 
the  polypus ;  and  I  must  tell  you  what  I  have  seen  in  M.  Tremr 
bley's  study  at  Sorgvliet.  He  has  there  12  large  large 
glasses,  of  about  a  foot  high,  each  holding  from  a  gallon  to 
six  quarts  of  water,  all  well  stocked  with  those  animals,  to 
the  amount  of  many  hundreds.  They  are,  in  general,  con* 
siderablv  larger  than  any  I  had  before  seen ;  and  as  I  was 
first  with  him  on  a  Tuesday,  and  made  him  a  second  visit  on 
the  Sunday  following,  I  had  the  opportunity  of  seeing  the 
prodigious  increase  they  had  made  in  those  five  days.  Several 
single  ones  that  I  had  left,  had  in  that  time  put  out  ^yt  or  six 
young  ones  each ;  and  those  I  had  seen  him  perform  oper* 
ations  on,  were  mot  only  recovered,  but  had  most  of  them 
produced  young  ones  also* 

.  I  saw  him  split  the  head  of  one  about  two  o'clock  in  the 
afternoon,  and  at  about  seven  the  same  evening,  each  head 
ate  a  small  worm.  I  saw  liim  split  another  from  the  head  to 
the  tail,  and  each  of  those  parts  also  ate  part  (^  a  worm  before 
night. 

Another  operation  I  saw  him  make,  which  I  had  not  before 
heard  of,  whiqh  ytza  that  by  putting  one  of  the  points  of  a  very 
small  pair  of  sharp  scissors  into  the  mouth  of  a  poi^u^,  and 
forcing  it  out  at  the  very  end  of  the  tail,  he  then  laid  it  quite 
open  Uke  a  pigeon,  or  a  barbacute  pig  to  be  broiled ;  yet,  in 
about  five  hours,  I  saw  the  same  polypus  with  the  parts  so 
Te-united  again,  that  I  could  not  perceive  any  thing  had  been 
done,  to  it;  and  it  then  ale  a  w<tfm  larger  than  itself. 
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He  then  showed  me  another  odd  {Mdrtidihav  which  was  one 
polypus  that  had  fldrly  two  heads,  without  any  tail ;  that  is, 
with  a  head  at  each  end.  This  was  an  accidental  production, 
and  as  follows  :  two  young  ones  grew,  as  from  one  root^  out 
of  an  old  polypus.  Ijiey  hoth  dropped  off  together,  and  their 
tails  not  heing  separated,  they  appeared  as  just  mentioned ; 
but,  when  I  saw  uiem,  with  several  youAg  ones  putting  out 
from  their  sides. 

M.  Trembley  said  he  had  seen  the  like  sometimes  before, 
but  not  often ;  and  that  they  have  then  remained  10  or  12 
days  in  that  condition,  after  which  they  hare  separated.  He 
had  in  one  of  his  large  glasses  upwards  of  a  hundred  of  tbeae 
insects  all  full  grown,  and  he  regaled  them  all  at  once  before 
me,  with  some  thousands  of  small  aquatic  animalcules,  not 
unlike  fleas,  of  about  the  size  of  large  ones,  and  which  move 
about  with  great  swiftness  in  the  water.  These  were  no 
sooner  put  in,  but  it  was  a  curious  and  entertaining  s^ht,  to 
observe  in  how  voracious  a  manner  not  only  every  polypus, 
but  every  young  one  also  that  had  arms,  though  fix^  to  the 
aide  of  its  parent,  seized  and  devoured  diese  pucerdns ;  and 
fts  the  body  of  the  polypus  is  transparait,  every  one  made  a 
very  extraordinary  appearance,  from  the  number  of  pucerons 
in  them ;  for  in  several  I  could  very  plainly,  with  my  bare 
eye,  distinguish  and  count  five  or  six  of  them  ;  and  I  coidd 
plainly  discern  some  very  small  black  q>ots,  which  I  was 
assured  were  the  eyes  of  diese  pucerons. 

One  extraordinanr  observation  more  of  M.  Trembley's  is,, 
that,  in  the  double-neaded  polypus,  there  was  at  first  but  one 
common  gut  between  them,  so  that  the  feeding  of  one  head 
had  the  same  effect  as  feeding  them  both.  M.  Trembley  is 
particularly  handy  and  dexterous  in  his  operations,  and  ex- 
plains himself  about  them  with  great  exactness  and  perspi- 
cuity. He  places  some  pieces  of  packthread  across  his  glasses, 
towards  the  top  :  to  these  some  of  the  insects  fix  themselves; 
and  I  have  seen  some  that  in  that  position  have  extended 
their  arms  almost  to  the  bottom,  which  must  have  been  above 
10  inches. 


The  Naiural  HiHory  of  the  Rhinoceros.  By  Dr.  Parsons, 
When  the  rhinoceros  arrived  in  England  in  1739,  Dr. 
Douglas  went  frequently  to  see  it,  for  Ae  purpose  of  correctii^ 
the  opinions  respecting  it ;  and  on  June  24.  of  this  year,  exr 
hibited  before  the  Royal  Society  a  drawing,  with  a  collection 
of  fibres  of  that  creature,  taken  from  several  authors,  who 
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liad  written  of  him  before.  He  mentioned  'also  his  dimensions ; 
and  on  the  28th  of  the  same  month,  he  produced  a  collection 
of  horns,  with  some  account  of  them,  but  proceeded  no  fur- 
tlier.  Therefore,  as  another  occasion  might  not  offer  in 
many  years.  Dr.  P.  gives  the  following  account  of  the  mide 
rhinoceros  shown  in  Eagle  Street,  near  Red  Lion  Square,  m 
17S9,  and  the  drawings  annexed  to  it.  In  this  accoimt,  he 
had  no  regard  to  those  of  other  authors^  but  barely  described 
him  as  he  often  saw  him,  bQjbh  then  and  afterwards. 

He  was  fed  here  with  rice,  sugar,  and  hay:  of  the  first  he 
ate  seven  pounds  mixed  with  three  of  sugar  every  day, 
divided  into  three  meals ;  and  about  a  truss  of  hay  in  a  week, 
besides  greens  of  different  kinds,  which  were  often  brought  to 
him>  and  of  whidi  he  seemed  fonder  than  of  his  drv  victuals ; 
and  drank  large  quantities  of  waterat  atune>bemgthen,  it 
seems,  two  years  old» 

He  appeared  very  peaceable  in  his  temper,  suffering  himself 
to  be  handled  in  any  part  of  his  body;  but  outrageous  when 
struck  or  hungry,  and  pacified  in  either  case  only  by  victuals. 
In  his  ou^-i^e  he  jumps  about,  and  springs  to  an  incredible 
height,  driving  his  head  against  the  walls  of  the  place  with 
great  fury  and  quickness,  notwithstanding  his  lumpish  aspect : 
this  Dr.  P.  saw  several  tunes,  especially  in  a  morning,  before 
his  rice  and  sugar  were  given  to  him. 

In  height  he  did  not  exceed  a  young  heifer,  but  was  very 
broad  and  thick.  His  head,  in  proportion,  is  very  large,  hav- 
ing the  hinder  part,  next  his  ears,  extremely  high,  in  propor- 
tion to  the  rest  of  his  face,  which  is  fiat,  and  sinks  down 
suddenly  forward  towards  the  middle,  rising  again  to  the  horn, 
out  in  a  less  degree.  The  horn  stands  on  Qie  nose  of  the 
animal,  as  on  a  hill.  The  part  of  the  bone  on  which  the  horn 
is  fixed  rises  into  a  blunt  cone,  to  answer  to  a  cavity  in  the 
basis  of  the  horn,  which  is  very  hard  and  solid,  having  no 
manner  of  hollow  nor  core,  like  those  of  other  quadrupe(6. 

That  of  this  animal,  being  young,  does  not  rise  from  its 
rough  base  above  an  inch  high,  is  black  and  smooth  at  the 
top,  like  those  of  the  ox-kind,  but  rugged  downwards ;  tlie 
determination  of  its  growth  is  backwards,  instead  of  straight 
up ;  which  is  apparent,  as  well  in  the  different  horns  of  old 
rhinoceroses  as  in  this  of  our  present  subject ;  for  the  dis- 
tance from  the  base  to  the  apex  of  this,  backward,  is  not 
withiti  a  third  part  so  long  as  that  before,  and  it  has  a  curved 
direcUoh ;  and,  considering  the  proportion  of  this  animal*8 
sbe  to  its  horn,  we  may  justly  imagine,  that  the  creature  which 
bore  any  one  of  those  great  ones  must  have  been  a  stupen- 
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dous  animal  in  size  and  strength ;  and,  indeed,  it  were  oo  won- 
der, if  such  were  untractable  at  any  rate. 

If  we  look  at  him  in  a  fore  view,  the  whole  nose,  f^om  the 
top  of  the  horn  to  the  bottom  of  his  lower  lip,  seems  shaped 
like  a  bell,  viz.  small  and  narrow  at  top,  with  a  broad  Ixtse^ 
His  under  lip  is  like  that  of  an  ox,  but  the  upper  more  like 
that  of  a  horse  ;  using  it>  as  that  creature  does,  jto  gather  the 
hay  from  the  rack,  or  grass  from  the  ground;  with  this 
dmerence,  that  the  rliinoceros  has  a  power  of  stretdiing  it 
qut  above  six  inches,  to  a  point,  and  doubling  it  round  a  stick, 
or  one's  finger,  holding  it  fast ;  so  that,  as  to  that  action,  it  is 
not  unlike  Sie  proboscis  of  an  elephant. 


Hid  neck  is  very  short,  being  that  part  which  lies  between 
the  back  edge  of  the  jaw  and  the  plica  of  the  shoulder ;  pn 
this  part  there  are  two  distmct  folds,  which  go  quite  round  it, 
OBoIy  the  fore  one  is  broken  underneath,  and  has  a  hollow  flap 
hanging  from  it,  so  deep  that  it  would  contain  a  man's  fist 
fhutx  tiie  concave  side  being  forward.  From  the  middle  of 
the  hinder  one  of  these  folds  or  plicae  arises  another^  which, 
passing  backwards  along  the  neck,  is  lost  before  it  reaches 
that  which  surrounds  the  fore  part  of  the  body.  His  shoul- 
ders are  very  thick  and  heavy,  and  have  each  another  fold 
downward,  that  crosses  the  fore  leg ;  and,  almost  meeting  that 
of  the  fore  part  of  the  body  just  mentioned,  they  both  double?' 
under  the  belly  close  behind  the  fore  leg.  '         ' 

In  some  quadrupeds,  the  fetlock  bends  or  yields  to  the 
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wteight  of  the  animal ;  but  in  this  there  is  no  appearance  of 
any  sucE  bending,  and  he  seems  to  stand  on  stumps,  espe* . 
dLally  if  he  is  viewed  behind.  He  has  three  hoofe  on  each 
foot  forwards ;  but  the  back  part  is  a  large  mass  of  flesh, 
rough  like  the  rest  of  his  skin,  and  bears  on  the  sole  or  bot- 
tom of  his  foot.  This  part  is  plump  and  callous  in  the  sur- 
^ce,  yielding  to  j^ressure  from  the  softness  of  the  subjacent 
flesh*  Its  shape  is  like  that  of  a  heart,  having  a  blunt  apex 
before,  and  nmning  backiTard  in  a  broad  basis.  The  outline 
of  the  bottoms  of  Uie  hoo&  is  somewhat  semicircular. 

The  tail  of  this  animal  is  very  inconsiderable,  in  proportion 
to  his  bulk,  not  exceeding  17  or  18  inches  in  lengtn,  and  not 
very  thick ;  it  has  a  great  roughness  round  iu  and  a  kind  of 
twist  or  stricture  towards  the  extremity,  ending  in  a  fatness, 
which  gave  occasion  to  authors  to  compare  it  to  a  spatula.  ^ . 
the  sides  of  this  flat  part,  a  few  hairs  appear,  which  are  black 
and  strong,  but  short.  There  is  no  other  luur  on  any  part  of 
this  young  rhinoceros,  except  a  very  small  quantity  on  the 
posterior  edge  of  the  upper  parts  of  the  ears.  There  is  a 
very  particular  quality  in  this  creature,  of  listening  to  any  noise 
or  rumour  in  the  streets ;  for  though  he  were  eating,  sleeping,, 
or  under  the  greatest  engagements  nature  imposes  on  him, 
he  stops  every  thing  suddenly,  and  lifts  up  his  head,  with 
great  attention,  till  the  noise  is  over. 

The  skin  of  the  rhinoceros  is  thick  and  impenetrable ;  in 
running  one's  fingers  under  one  of  the  folds,  and  holding  it. 
with  the  thumb  at  the  top,  it  feels  like  a  piece  of  board  ^ 
inch  thick.  Dr.  Grew  describes  a  piece  of  one  of  these, 
skins  tanned,  which,  he  says,  ^*  is  wonderfully  hard,  and  of  a. 
thickness  exceedi^ig  that  of  any  other  land  animal  he  hB8 
seen.'*  It  is  covered  all  over  more  or  less  with  hard  incrust-. 
^tions  like  so  many  scabs ;  which  are  but  small  on  the  ridge 
of  the  neck  and  back,  but  grow  larger  bv  degrees  downwards^ 
toward  the  belly,  and  are  largest  on  the  shoulders  and  but- 
tocks, and  continue  pretty  large  on  the  legs  all  along  down  ;^ 
but,  between  the  folds,  the  skin  is  as  smooth  and  soft  as  silk,, 
and  easily  penetrated ;  of  a  pale  flesh-colour,  which  does  not 
^pear  to  view  in  the  folds,  except  when  the  rhinoceros  ex- 
tends tliem,  but  is  always  in  view  under  the  fore  and  hinder 
parts  of  Uie  belly,  but  the  middle  is  incrusted  over  like  the 
rast  of  the  skin.  To  call  these  scabbed  roughnesses  scales, 
as  some  have  done,  is  to  rjuse  an  idea  in  us  of  something  re- 
gular ;  which,  in  many  authors,  is  a  great  baccuracy,  and 
feads  the  reader  into  errors ;  for  there  is  nothing  formal  in 
any  of  theift 
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An  Essay  on  the  Cofuses  of  (he  different  Colours  of  Peopk  m. 
different  CUmcOes.    By  Jobn  Mitcbell^  M.JX — [1744,] 

Tnn  CoUmr  of  white  People  proceeds  from  the  Colour  which 
Ae  Epidermis  transmits;  mat  is^from  the  Colour  of  the  Parts 
under  the  Epidermisy  raiher  than  from  any  Colour  of  its  owtu — 
The  truth  of  this  proposition  wiU  plainly  appear  to  those  who 
consider,  that  the  colour  of  white  people  is  always  more  or 
less  clear  or  Tirid,  as  the  skin  is  tlunner  or  thicker,  fin6r  or 
coarser ;  that  is,  as  it  is  more  or  less  adapted  to  transmit  the 
cdiour  of  the  white  parts  below  it.  But  this  will  be  better 
confirmed  from  the  following  considerations :'  1.  The  palms- 
of  the  hands,  lips,  &&  where  the  epidermis  and  skin  are  so 
thin  as  to  transmit  the  colour  ftom  any  thing  below  them, 
eqppetxt  red,  or  of  the  colour  of  the  red  blood  under  them ; 
eniecially  in  those  in  whom  the  skin  is  fine  and  thin ;  but 
trhere  Uie  skin  is  thick  and  coarse,  those  parts  appear  almost 
of  the  same  colour  with  the  rest  of  the  body.  2.  The  l^ush- 
ings  of  the  cheeks,  and  their  redness  in  rerers,  seem  to  be 
another  proof  of  this  cause  of  their  colour ;  for,  in  a  moment, 
th^  change  from  a  pale  to  a  deep  red ;  but  no  one  will 
imagine,  that  the  epidermis  then  changes  its  colour,  or  power 
of  reflecting  the  rays  of  light ;  but  that  it  transmits  the 
colour  of  &e  blood ;  which  at  such  times  is  more  forcibly 
driven  into  the  capillary  subcutaneous  vessels,  and  shines 
through  the  epidermis ;  but  before,  these  vessels  contained 
only  a  serous  liquor,  and  accordingly  the  skin  appeared  of 
that  colour :  which  will  further  appear  on  squeezing  such  red 
parts,  which  drives  the  blood  out  of  them,  and  makes  them 
appear  white ;  whereas,  on  removing  such  pressure,  they  re- 
cover their  colour,  as  the  blood  does  its  place.  3.  The  yel- 
low colour  of  the  skin  in  the  jaundice  is  a  further  proof  of 
this  assertion  ;  where  the  yellow  bile  is  diffused  through  the 
vesseb  of  the  cutis,  and  appears  through  the  epidermis  ;  but 
no  one  will  imagine,  that  the  epidermic  itself  receives  this 
viscid  bile  into  its  vessels  ;  which  are  so  small  that  many  ac- 
curate anatomists,  as  Morgagni,  have  denied  it  to  have  any 
vessels  at  all ;  and  the  most  accurate  could  never  show  them. 
4.  The  pale  look  of  those  in  whom  the  blood  is  viscid,  or  cir- 
culates with  little  force,  shows  that  the  epidermis  then  trans- 
mits the  colour  of  the  juices  and  fibres  below  it,  which  arci 
then  unmixed  with  red  blood.  5.  The  same  is  manifest  in 
those  whose  blood  is  poor  and  serous,  as  the  leucophlegmatic, 
&c.  in  whom  the  epidermis  transmits  the  colour  0  the  water 
or  serum  under  it. 
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Hence  it  appears,  that  the  epidennis  is  a  transparent  mem- 
brane»  which  easily  shows  the  colour  of  the  parts  under  it,  in 
the  same  manner  as  the  cornea  of  the  eye  transmits  the 
odour  of  tiie  iris. 

7%e  Skins  of  Negroes  are  ofa  M^er  SubHance^  and  denser 
Texture^  ^ian4hose  of  white  "People^  and  transmit  no  Cohmr 
^krovgh  them, — For  the  truth  of  the  first  part  of  this  propo- 
fitdony  we  need  only  appeal  to  our  senses,  and  examine  the 
ddns  of  negroes  when  separated  from  the  body ;  when  not 
cmly  the  cutis,  but  even  the  epidennis,  will  appear  to  be  mudi 
thicker  and  tougher  than  in  white  people.  But  because  the 
substance  and  texture,  especially  of  the  epidermis,  is  not  a 
Ihlcailtered  in  anatomical  preparations,  and  that  in  sudi  a 
measure  as  to  alter  the  texture,  perhaps,  on  which  the  colour 
depends,  by  boiling,  soaking,  peebng,  &c.  let  us  examine  the 
dqns  of  negroes  on  their  body ;  where  they  will  ajppear,  from 
tbe  following  considerations,  to  have  all  the  properties  assigned: 
1.  In  bleedui^,  or  otherwise  cutting  their  sxins,  they  feel  mora 
Cough  and  thidc,  than  in  white  people.  9.  When  the  epider- 
mis is  separated  by  cantharides,  or  fire»  it  is  much  touRher 
and  thicker,  and  more  di£Bcult  to  ndse  in  black  than  white 
people.  8*  Negroes  are  never  sutiject  to  be  stm-bumt,  or  have 
their  skins  blistered  by  any  such  degree  of  heat,  as  whites 
are.  4.  Though  their  skins,  in  some  particular  subjects^ 
should  not  be  so  very  thidc  in  substance,  yet  in  winter,  when 
they  are  dry,  and  not  covered  with  that  greasy  sweat  which 
transudes  through  them  in  summer,  their  skins  feel  more  coarse^ 
hard,  and  rigid ;  as  they  do  in  ardent  fevers,  with  a  dry  skin. 
5.  Their  exemption  from  some  cutaneous,  diseases,  as  the 
itch,  prickly  heat  or  essere,  which  no  adult  negroes  are 
troubled  with,  but  those  of  fine  and  thin  skins  are  most  sub- 
ject to,  show  the  thickness  or  callosity  of  their  skins,  which 
are  not  easily  affected  from  slight  causes.  6.  And  not  only 
the  thickness,  but  also  the  opacitv  of  their  skms,  will  appear, 
from  their  never  looking  red  in  blushing,  or  ardent  fevers  with 
ihtemal  inflammations,  nor  in  the  measles,  nor  small-pox ; 
where,  though  the  blood  must  be  forcibly  impelled  into  the 
subcutaneous  vessels,  yet  it  does  not  appear  through  the  epi- 
dermis. The  like  may  be  said  of  their  veins ;  which,  though 
large  and  shallow,  yet  do  not  appear  blue,  tiH  the  ski^  is  cut. 
7.  In  the  jaundice,  anasarca,  &c.  the  skin  of  negroes  never 
shows  the  colour  of  the  parts  under  it,  though  visible  enough 
m  the  eyes :  of  which  Dr.  M.  saw  a  more  convincing  proof  in 
some  negroes  labouring  under  a  bilious  fever,  in  whom  the 
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serum  of  the  blood,  when  let,  was  of  a  deep  bilious  yellow, 
but  no  yellow  colour  appeared  on  the  skin,  though  plain 
enough  to  be  seen  in.  the  eyes. 

Hence  might  be  deduced  one  plain  cause  of  the  blackness 
of  negroes :  for  if  the  colour  of  the  skin  depends  on  what  it 
transmits,  and  the  skins  of  negroes  transmit  no  colour 
through  them,  they  must  needs  appear  black ;  according  to 
the  known  doctrine  of  light  and  colours,  that  wherever  there 
is  a  privation  of  light  or  colour,  there  of  course  ensues  dark- 
ness or  blackness.  But  as  most  solid  bodies,  which  are  not. 
pellucid,  do  generally  reflect  some  colour,  which  we  know 
no  black  body  does,  we  shall  next  enquire  into  the  particular 
make  of  their  skins,  by  which  they  are  rendered  incapable  to . 
reflect,  as  well  as  to  transmit,  the  rays  of  light. 

J%e  Part  of  the  Skin  which  appears  black  in  Negroes  is  the 
Corpus  Beticulare  Cutis,  and  extemcd  LameUa  of  the  Epider* 
mis  ;  and  all  other  Parts  are  of  the  same  Colour  in  them  with. 
0u>se  of  white  People,  except  the  Fibres  which  pass  between 
(hose  two  Parto.— For  a  proof  of  this  proposition,  we  must 
examine  the  structure  of  the  skins  of  negroes  more  narrowly, 
which  may  be  done  after  blistering  with  cantharides,  or  after, 
a  scald  or  burn ;  when  their  ^kms  appear  in  the  following, 
manner :  the  cuticle,  which  is  separated,  appears  nearly  of  the 
spme  colour  on  the  outside»  as  before  such  separation  from  the 
body ;  but  on  the  inner  side  is  almost  as  white  as  the  same 
part  in  white  people.  ^ 

The  cutis  itseli,  which  lies  under  this  black  membranous 
eacpansion,  and  to  which  it  is  closely  connect;ed,  is  of  a  white 
colour  in  negroes,  somewhat  like  the  skin  of  many  brown« 
skinned  wliite  people ;  but  when  this  black  corpus  reticulare 
is  on  it,  afler  tne  epidermis  is  separated,  they  appear,  when 
both  connected  together,  of  a  brown  copper-colour,  somewhat 
like  the  colour  of  an  Indian  or  Mulatto ;  some  of  the  colour 
o£  the  white  skin  below  being  transmitted  through  this  thin 
black  membrane :  which  seems  to  show  in  what  manner  the 
colour  of  these  Indians  and  Mulattoes  may  be  occasioned,  by 
the  colour  of  die  white  membranes  under  then:  cuticles  ap- 
p^iripg  partly  and  imperfectly  through  them,  as  the  white 
skin  does  throufi;h  this  corpus  reticulare. 

Hence  the  formation  of  the  epidermis  seems  to  be  more 
easily  shown,  and  more  completely  deduced,  than  from  any 
preparation  of  it  in  white  people.  For  the  external  lamella 
of  it  mumifestly  arises  from  the  corpus  reticulare,  by  the  inter- 
vention of  the  black  fibrillss,  whion  has  been  shown  to  per- 
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rade  tlie  inner  laiQellfe  of  the  epidermis;  and  this  corpus  re- 
tlculare  itself  arises  from  the  subcutaneous  nerves,  so  nicely 
Utkd.  accurately  delineated  by  £u6tachius» 

2%e  Coltmr  of  Negroes  does  not  proceed  from  any  Uack 
tliafnour^  or fiuid  Parts  contained  in  their  Skins;  for  there  is  none 
9uch  in  any  Part  of  their  Bodies^  more  than  in  white  People,  r^ 
It  has  been  the  generally  received  opinion,  that  the  cause  of 
tbe  polour  of  negroes  is  a  juice  or  fluid  of  a  black  colour, 
which  lies  between  the  epidermis  and  cutis,  in  some  aqueous 
vessels,  which  s^rve  to  lubricate  those  parts.  But  this 
opinion  needs  only  to  be  well  and  more  thoroughly  considered, 
to  be  confuted.  But  if  there  was  any  such  thing  as  a  black 
Rumour  in  th^  skina  of  negroes,  no  doubt  it  might  be  drawti^ 
but  by  some  means  or  o£er ;  but,  though  Dr.  M.  had  ma- 
cerated the  skins  of  negroes,  and  particularly  the  epidermis^ 
in  wann  water,  which  readily  dissolves  the  juices  of  the  body^ 
yet  he  never  could  extract  any  black  juices  from  them,  by 
9fxy  such  maceration,  ^r  even  by  a  more  powerful  expression. 

J%e  Epidermis^  esp^daUy  its  external  Lamella^  is  divided  into. 
ttoo  PartSy  by  its  Pores  and  ScaJeSy  two  hundred  Times  less  than 
the  Particles  of  Bodies^  on  which  their  Colours  depend. — Sir 
Isaac  Newton  mfprms  us,  that  the  particles  of  bodies,  on  which 
tbeir  colours  depend,  are  about  600  times  less  than  those 
which  can  be  discerne4  with  the  naked  eye.  But  Leuwen- 
hoek  ^hows,  that  a  portion  of  the  epidermis,  no  larger  than 
what  can  be  discerned  with  the  naked  eye,|  is  divided  into 
125,000  pores ;  which  pores  must  divide  such  a  portion  of  the 
fikin  as  can  be  discerned  witli  the  naked  eye,  into  125^000 
particles ;  therefore  each  of  these  parts  of  the  skin,  between 
Us  pores,  must  be  about  200  times  less  than  those  particles, 
on  which  the  colours  of  bodies  depend. 

From  this  account  of  the  cause  of  the  difference  in  colour 
among  those  people  that  are  white,  Ve  may  account  for  the 
cause  of  the  colour  of  Indians,  and  other  tawny  people,  who 
seem  to  differ  from  eagh  other  in  colour,  and  from  white 
people  only  in  degree,  as  they  have  more  or  less  of  this 
tawny  yellow  proceeding  from  the  imperfect  transmission  of 
a  white  in  their  colours :  thus,  if  we  proceed  from  the  swar-r 
thiest  white  person  to  the  palest  Egyptian,  from  thence  to  the 
direst  Mustee,  Mulatto,  Moor,  &c.  to  the  darkest  Indian,  we 
may  plainly  see,  that  they  differ  from  each  other  only  as  they 
havaifiore  or  less  of  the  prignal  white  in  their  colour;  and  as 
we  have  shown  this  tawny  colour  in  white  people  to  i)roceed 
fi-om  the  thickness  or  density  of  their  skins,  obstructing  the 
tiransmission  of  the  rays  of  light ;  so  it  is  very  plam  that  the 
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fiame  tawny  colour,  in  these  other  tawny  people,  which  seerar 
to  be  of  the  same  kind,  but  difierent  in  degree,  must  proceed 
from  a  like  cause,  that  is,  the  thickness  or  density  of  thw 
s]dns;and  accordingly  it  will  be  found,  that  all  such  peo* 
pie  have  skins  of  a  thickness  or  density  proportional  to  ^e 
whiteness  or  darkness  of  their  colours. 

So  that,  from  the  whole,  we  may  conclude,  that  the  proxi* 
mate  cause  of  the  colour  of  negroes  is  threefold,  viz.  the 
opacity  of  their  skins,  proceeding  from  the  thickness  and 
density  of  their  texture,  which  obstructs  the  transmission  of 
die  rays  of  light,  from  the  white  and  red  parts  below  them ; 
together  with  their  greater  refractiye  power,  which  absorbs 
liiose  rays,  and  the  smallness  of  the  particles  of  their  ddnS) 
which  hmder  them  from  reflecting  any  light. 

Hence  we  may  justly  infer,  1.  That  there  is  not  so  great, 
mmatural,  and  unaccountable  a  difference  between  negroes 
and  white  people,  on  accoimt  of  their  colours,  as  to  make  it 
fanpossible  for  both  ever  to  haye  been  descended  from  the 
came  stock,  as  some  people,  unskilled  in  the  doctrine  o£  light 
and  colours,  are  very  apt,  too  positively,  to  aflirm  and  believe* 
2.  That  the  epidermis,  besides  its  other  uses,  tends  to  preserve 
the  uniformity  of  the  colours  of  people  throughout  the  world. 

J%e  Influence  <^the  Sun,  in  hoi  CaunirieSy  and  ike  Ways  of 
IMe  of  me  InhaJbttants  in  them,  are  the  remote  Oaueee  of  we 
dohur  efNegroesy  Indiane,  Sfc,  And  the  Ways  ofLitnng,  m  uee 
among  most  Nations  of  white  People,  make  &exr  ColUmrswhkttr 
than  they  were  oriffinaily,  or  vxndd  he  naturaUy.  —  As  for 
what  relates  to  the  remote  causes  of  the  colours  of  n^oes, 
it  has  been  generally  supposed,  though  not  universally  be- 
lieved, that  the  power  of  the  sun  in  hot  countries  is  the  prin- 
d^,  if  not  the  only  agent,  in  producing  this  effect.  The 
flkm,  then,  is  deprived  of  its  white  colour,  by  the  force  and 
influence  of  the  sun,  these  four  ways :  1.  By  being  rendered 
opaque,  from  a  dissipation  of  its  more  aqueous  and  peUucid 
juices :  the  known  effect  of  the  sun's  heat,  and  which  will 
reader  all  bodies  opaque. 

2.  By  a  concretion  of  its  vessels  and  glandules,  from  thit 
dissipation  of  their  aqueous  contents,  which  renders  the  skin 
both  thicker  and  denser,  or  more  callous  or  rigid. 

3.  By  a  new  accretion  of  many  new  membranes,  which 
render  it  thick  and  opaque.  For  the  sun-beams  act  as  a  vi- 
bratmg  force,  or  extern^  friction,  on  the  skin,  which  derives 
fresh  supplies  of  juices  to  it ;  by  which  new  membranes,  or 
lamelke,  are  formed,  in  the  same  manner  as  the  epidermis  is 
renewed  when  abraded,  which  is  very  soon  and  easily  done. 
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.  4.  By  increasing  tho8e  parts  or  principles,  in  tbe  compo- 
sition of  the  epidermis,  which  have  tbe  greatest  refractive 
powers.  As  tbe  terrestrial,  and  fixed  saline ;  but  especially 
the  tenacious  sulphureous,  which  refract  and  absorb  light 
more  strongly  than  any  other  substances;  while  the  more 
transparent  and  pellucid  principles,  as  the  aqueous,  spuritous, 
and  volatile  saline,  are  evaporated  by  the  heat,  which  causes 
the  other  more  fixed  principles  to  be  accumulated  in  greater 
quantities,  and  combmed  m  larger  collections;  and  these 
particles,  being  likewise  more  comminuted  by  the  sun,  will 
on  that  account  be  black,  as  happens  to  oil  when  well  boiled. 
Hence  it  will  appear,  that  the  power  of  the  sun's  heat  in 
bot  countries,  ana  its  more  immediate  application  to  the 
body,  or  the  increase  of  its  force,  by  the  nature  of  the  soil, 
or  ways  of  life,  is  the  remote  cause  of  the  blackness,  and  the 
diiOTerent  degrees  of  blackness,  of  the  inhabitants  of  the  tonrid 
zone:  whereas  the  luxurious  customs,  and  the  effeminate 
lives  of  the  several  nations  of  white  people,  in  the  nortliem 
dimes,  ar^  the  remote  causes  of  their  respective  fair  ooin^ 
plexions. 


Observaiians  an  several  Species  of  Freah^waUr  Polypu    By 
M.  Abraham  Tbsmslmy,  F.JR,S. — [1744.] 

We  find,  in  divers  places,  on  water-plants,  and  other  bodies 
in  the  water,  a  whitish  substance,  that  looks  at  first  only  like 
a  sort  of  mould :  we  sometimes  see  plants,  sticks  of  wood, 
anail-shells,  and  the  like,  that  are  entirely  covered  over  with 
this  substance.  But  if  we  take  any  of  these,  put  them  into 
a  glass  of  clear  water,  and  then  examine  with  a  magnifying 
^ass  what  is  upon  them,  we  soon  discover  in  the  little  bodies, 
which  by  their  assemblage  form  this  whitish  substance,  such 
motions  as  give  sufficient  reason  to  consider  them  as  living 
animals ;  and  this  will  appear  yet  more  sensible,  when  they 
come  to  be  observed  with  a  microscope.  ^  - 

In  one  case  where  the  polypi  are  simple,  they  are  not 
aibove  the  240th  part  of  an  inch  m  length,  and  are  of  a  shape 
nearly  resembling  that  of  a  bell  s  one  of  tliese  is  represented 
CKoeedingly  magnified.  The  anterior  part,  a  c,  generally 
appears  open,  when  it  properly  presents  itself;  the 
posterior  part,  t  b,  is  fixed  to  a  stem  or  pedicle,  b  e  /  and 
It  is  by  the  extremity, «,  of  this  pedicle,  that  the  polypus 
fastens  itself  to  any  other  sort  of  body.  The  polypus 
of  this  sort  generally  appears  to  the  microscope  of  a 
brownish  colour,  excepting  at  its  smaller  end  b^  where  it  if 
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transparent,  as  well  as  its  pedide  b  e.  When  the  anterior 
part,  a  c,  is  open,  we  may  perceive  about  its  edges  a  ve^ 
Uvely  motion ;  and  when  the  polypus  presents  itself  in  a 
certain  manner^  it  discovers,  on  either  side  of  these  edges  of 
its  anterior  part,  somewhat  very  much  resembling  the  wheels 
of  a  little  mill,  that  move  with  great  velocity.  These  polypi 
ore  able  to  contract  themselves ;  and  they  do  so  often,  and 
suddenly. 

We  should  begin  to  observe,  a  polypus  soon  after  it  has 
fixed  itself  singly,  in  order  to  see  regularly  in  what  manner 
die  clusters  form  themselves,  and  in  what  way  these  small 
creatures  multiply.  The  stem  or  pedicle  of  a  pol3^us  that  is 
yet  single,  and  which  has  but  lately  fixed  itself,  is  at  first 
very  short,  but  lengthens  itself  in  a  little  time.  After  that, 
the  polypus  multiplies ;  that  is  to  say,  it  divides  or  splits 
itself  into  two,  lengthwise.  The  lips  are  first  drawn  into 
the  body,  whose  anterior  part  closes,  and  becomes  round: 
the  motion  that  was  to  be  seen  before  the  lips  were  drawn 
hx  no  longer  appears ;  jet  we  may  see,  by  looking  witil  atten- 
tion, a  slow  motion  within  the  body,  during  all  the  time  that 
the  polypus  remains  closed.  The  anterior  part  of  the  polypus 
becomes  flattened  afterwards  by  degrees,  and  spreads  in  pro- 
portion, becoming  broader  as  it  shortens  ;  it  then  gradually 
iq>lits  down  through  the  middle,  that  is,  from  the  middle  of  the 
head  to  the  place  where  the  posterior  end  joins  to  the  pedicle ; 
so  that,  in  a  little  while,  there  appear  two  separate  round 
bodies  joined  to  the  extremity  of  the  pedicle  that  just  before 
aupported  but  one. 

The  anterior  part  of  each  of  these  bodies  then  opens  by 
degrees ;  and,  as  they  open,  the  lips  of  the  new  polypi  show 
themselves  more  and  more.  Then  is  the  time  of  observing 
these  lips  with  attention,  and  of  forming  an  idea  of  their  true 
form,  and  of  their  motion.  This  motion  is  at  the  first  v^ 
slow,  it  quickens  as  the  polypi  continue  to  open  ;  and,  as  soon 
as  they  have  done,  it  becomes  as  swift  as  that  which  appeared 
in  the  lips  of  the  whole  single  pol3rpus,  before  it  began  to 
divide;  and  then  these  new  polypi  may  be  considered  bb 
entirely  formed.  They  are  at  first  less  than  the  polypus  fi-om 
which  they  were  formed ;  but  they  grow  to  the  same  size  in 
a  very  litUe  time.  A  polypus  is  a^ut  an  hour  in  dividing 
'  itself^ 

The  engraving  represents  a  cluster  of  eight  polypi ;  and 
by  this  figure  it  may  be  apprehended  in  what  manner  the  pe- 
dicles of  the  polypi  become  disposed,  as  their  numbers  in- 
crease.   These  several  pedicles  become  so  many  branches. 
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of  the  cluster  or  sprig.  This  figi^pre  particulaHiy  represents  a 
duster,  whose  progress  M.  T.  followed  in  tl^e  month  of  Sep- 
;teiiiber,  1744.  It  consisted,  on  the 
^th  day  of  that  month,  of  only  one 
single  polypus,  which  was  placea  as  at 
b$  this  polypus  divided  itself  that  event 
hxgy  and  at  half  an  hour  after  eight 
o'clock,  there  were  to  bo  discovered 
at  b  two  perfect  polypi,  whose  pedicles 
or  branches,  bd^bdy  continued  length- 
ening till  the  morning  of  the  next  £y, 
being  the  10th  of  the  same  month  of 
September:  at  about  a  quarter  after 
pine  that  morning,  these  two  polypi, 
which  were  then  at  €^  c^  began  also . 
each  to  divide ;  so  that  at  a  quarter  past  11,  therq  were  at  d 
and  c^four  complete  poljrpi,  whose  several  pedicles,  c^e,  diydiy  diy 
formed  themselves  soon  after.  ^  On  the  11th  of  the  same 
September,  about  half  an  hour  after  seven  in  the  monfing, 
these  last  four  polypi  had  already  again  divided  themselves ; 
that  is,  that  there  were  at  t,  t,  t,  t,  eight  distinct  polypi ; 
snd  this  cluster,  so  consisting  of  eight  polypi,  is  here  repie- 
eented  as  it  appeared  on  the  12th  of  the  same  month,  between 
10  and  11  in  the  forenoon. 

Mr.  T.  has  seen  four  other  species  of  polypi,  that  in- 
crease in  the  same  manner  as  those  above  mentioned ;  that  is, 
which  split  and  divide  themselves  according  to  their  length. 
Those  which  come  the  nearest  to  the  first  are  somewhat 
more  slender,  and  the  branches  of  their  clusters  are  trans- 
parent ;  yet  they  appear,  when  there  is  a  nmnber  of  them 
together,  of  a  changeable  violet-colour :  the  clusters  of  these 
bear  a  good  resemblance  to  a  sprig  or  aigrette  of  spun  glass. 

Mr.  T.  also  observed,  regularly,  other  small  poljq)!,  of  a  dif- 
ferent sort  from  those  that  are  found  in  clusters.  These  are 
nearly  in  shape  like  a  tunnel,  pretty  long  in  proportion  to. the 
openmg  of  their  larger  ends.  For  this  reason,  Mr.  De  Reau- 
mur has  thought  proper  to  distinguish  them  by  the  name  of 
tunnel-like  polypi.  He  is  acquainted  with  three  species  at 
these  last  pol3rpi,  which  are,  respectively,  green,  blue,  and 
white.  Their  anterior  end,  particularly,  is  of  a  far  more  com- 
pounded shape  than  may  at  first  be  unagined.  There  ma}r 
be  observed  round  the  edges  of  this  part  a  sensible  motion, 
much  resembling  that  of  an  indented  wheel,  or  rather  oi  an 
endless  screw,  turned  very  fast  about.  These  tunnel-like 
polypi  form  no  clusters,  like  the  others.     The  little  bodies, 
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that  past  floatiiig  near  the  anterior  parts  of  thfiMT  imectSy 
are  in  some  manner  drawn  into  the  numtfas  of  dieir  timnela; 
and  sometinies  a  considerable  number  of  very  small  romul 
onimalcula  fall  one  after  another  into  these  openings.  Some 
of  4Jie8e  were  indeed  afterwards  let  out  i^ain,  at  another 
openmg ;  but  it  could  plainly  be  seen,  that  many  of  these 
little  round  bodies  remained  within  the  bodies  of  the  polypi; 
and  it  is  therefore  am>arent  that  these  little  bodies,  so  Uisen 
in,  became  their  foocL 

These  tunnel-like  polypi  also  multiply  by  dividing  into 
two,  but  they  divide  otherwise  than  the  clustering  polypi ; 
they  neither  divide  longitudinally  nor  transversely,  Imt  slopme 
and  diagonal-wise.  Of  two  tunnel-like  polypi,  just  produced 
by  the  division  of  one,  the  first  has  the  old  head  and  a  new 
posterior  end ;  and  the  other  the  old  posterior  end,  with  a 
new  head. 

On  Fossil  Shells*  By  the  Bev.  Roger  Pickebivg. 
At  Woodbridge,  in  Suffolk,  in  a  farm^'s  ground,  there  are 
some  pits,  in  depth  equal  to  the  usual  height  of  houses,  con* 
sisting  of  several  strata  of  shells,  from  the  bottom  to  within 
about  nine  feet  of  the  surface,  where  the  natural  soil  of 
gravel  and  sand  begins.  The  mass  of  shells  here  collected  is 
prodigious ;  the  sorts  various :  but  the  buccinum  vulgare,  or 
wiiilk,  prevails  the  moist.  The  depth  to  which  these  shells 
reach  is  not  yet  dug  down  to.  Woodbridge  is  seated  seven 
miles  N.  £.  rnxm  Ipswich ;  and  is  about  the  same  distance 
from  Orford  on  the  sea-coast,  which  bears  from  it  due  east. 
How  such  a  mass  of  shells  should  get  there  at  sudi  a  distance 
from  the  sea,  when  history  has  not  informed  us  of  any  re- 
markable inundation  in  those  parts,  or  that  such  a  tract  of 
land  was  ever  recovered  from  the  sea,  appears  difficult  to  de- 
termine. Indeed  the  river  Deben,  which  rises  at  Debenham, 
some  miles  off,  runs  by  Woodbridge,  within  half  a  mile  of 
these  pits,  in  its  course  to  the  German  Ocean,  where  it  empties 
itself:  but  such  a  collection  of  shells  can  hardhr  be  supposed 
to  have  been  thrown  up  by  it,  and  a  surface  of  earth  to  the 
depth  of  nine  feet,  settled  over  it,  without  allowing  a  space 
of  time  for  such  a  circumstance  almost  equal  to  the  interval 
between  us  and  the  deluge. 

Concerning   an   ea^itraoT^nary   large   FossU  TooA  {f  an 
BqJuifU.    By  Mr.  Henby  Bak^r,  F.R. S.  —  [1745.] 
The  fossil  tooth  Mr.  B.  received  from  Norwich.  "It  seems 

to  be  a  grinder  belonging  to  the  left  under  jaw  of  a  very 
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large  elephant,  a»  its  own  size  and  weight  may  show :  for  the 
circumference,  measured  by  a  string  drawn  round  the  edge, 
is  three  feet,  wanting  one  inch;  in  length  it  measures  15 
inches ;  in  breadth,  where  widest,  seven  inches ;  in  thickness, 
about  three ;  and  its  weight  is  upwards  of  11  pounds. 

On  one  side  it  is  convex,  and  on  the  other  concave,  with 
16  ridges  and  furrows  running  on  each  side  transversely,  and 
corresponding  with  the  same  number  of  eminences  on  the 
grinding  edge,  which  appears  furrowed  like  a  millstone.  On 
tiie  bottom  of  the  part  that  lay  within  the  gum  are  several 
cavities  for  the  insertion  of  the  nerves.  The  whole  tooth  is 
almost  entire,  and  seems  very  little,  if  at  all,  petrified ;  but, 
since  its  being  exposed  to  the  air,  several  little  cracks  appear. 
Other  monstrous  bones  were  found  with  it ;  and  particidarly 
thigh-bones,  six  feet  long,  and  as  thic^  as  the  thigh  of  a 
man ;  all  which  belonged,  probably,  to  the  same  animal,  and 
may  be  considered  as  &rther  proofe  of  the  creature's  enor- 
mous size. 

The  place  where,  and  the  manner  how,  these  bones  were 
discovered,  are  curious  particulars.  A  little  town,  called 
Munsley,  is  situated  close  to  the  sea-shore,  on  the  north-east 
coast  of  the  county  of  Norfolk,  where  the  sea  is  bounded  by 
exceedingly  high  rocky  cliffs :  some  of  these  being  gradually 
undermined- by  the  continual  dashing  of  the  waves  when  the 
tide  comes  in,  great  pieces  frequently  tumble  down  on  the 
shore ;  and  by  the  tumbling  down  of  one  of  these  the  above- 
mentioned  bones  and  grinder  were  discovered. 

Tliis  discovery  seems  a  convincing  demonstration,  that  the 
earth  has  undergone  some  very  extraordinary  alterations :  for 
the  remains  of  animals,  of  quite  different  climates  and  re^ons, 
and  of  kinds  which,  in  the  present  situation  of  the  world, 
could  never  possibly  come  over  hither,  must  either  imply 
their  having  been  placed  here  by  Providence  originally,  or 
that  this  ishmd  must  heretofore  have  been  contiguous  to  the 
Continent :  but  since  we  find  these  creatures  in  very  hot 
countries  only,  it  is  highly  probable  they  were  never  placed 
here  by  Providence. 

What  changes  have  happened  to  our  eardi,  and  how  they 
have  been  produced,  no  human  wisdom  can  possibly  find  out 
with  any  certainty*  But  suppose  only  the  polar  points,  or 
.  the  axis,  to  have  been  shifted  at  any  time  but  a  few  degrees, 
aud  its  ^ntre  of  gravity  to  •have  been  altered,  which  some 
great  men  have  imagined  not  improbable,  what  convulsions  in 
nature,  what  a  universal  change  in  the  face  of  things,  must 
thus  have  been  occasioded  K  what  inundations,  or  deluges  of 
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watet)  beftring  every  thing  before,  them !  what  breadies  h 
the  earthy  what  hurricaiies  and  tempests,  must  have  attended 
such  an  event !  for  the  waters  must  have  been  roUed  along^ 
till,  bv  them*  an  equipoise  was  produced. 

All  this,  indeed,  is  barely  conjecture :  but  the  bones  and 
teeUi  of  fishes,  the  multitudes  of  sea-shells,  some  tif  which 
are  petrified,  and  others  not,  and  the  many  sea-productions 
found  buried  in  thci  earth  in  almost  every  country,  at  vast 
distances  from  the  sea,  and  even  in  the  midland  parts,  are 
demonstrations  of  the  surpurising  alterations  that  must  have 
happened  as  to  the  disposition  of  sea  and  land. 

llie  thigh4)one8  of  six  feet  long  exceed,  ahK>,  by  two  feet, 
any  ever  yet  heard  of;  and,  according  to  Mr.  Blair*s  oste- 
ology of  an  elephant  nine  feet  high,  which  died  at  Dundee 
in  Soodand,  in  the  year  1706,  and  whose  thigh-bones  wers 
three  &et  in  length,  we  may  suppose,  by  the  rules  of  propor- 
tion, that  Ae  dejiliant,  to  which  our  bones  and  tooth  be* 
longed,  was  18  feet  in  height. 


An  Acecmnt,  in  Pimndt  and  Ounces^  qf  the  surprising  Quan" 
aaea  of  Food  devoured  h^  a  Boy^  12  Years  oldy  in  six 
successive  Daysy  at  Black  Bamskyy  in  Yorkshire.  Com' 
mumealed  by  Br.  Mortimer,  Sec  JR.  S.  —  [1745.] 

Thx  boy  was  regular  as  other  children,  till  about  a  year 
befbre  the  above  date,  when  this  extraordinary  craving  of 
appetite  first  began;  which  afflicted  him  to  such  a  degree^, 
that  if  he  was  not  fed  as  he  called  out  for  it,  he  would  gnaw 
the  very  flesh  off  bis  own  bones ;  so  that,  when  awake,  he  waa 
constantly  devouring ;  it  could  hardly  be  called  eating,  her 
cause  nothing  passed  his'  stomach ;  all  was  dirown  up  again. 

Of  the  various  substances,  bread,  meat,  beer,  milk,  water, 
butter,  cheese,  sugar,  treacle,  pudding,  ry^  fruit,  broth,  po* 
tatoes,  &C.  he  swaSiowe4  in  the  six  successive  days^  as  fol  • 
lows;  VIZ. 
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OnOe  DecOk  of  the  Ckm$am  ChmOia  ZangM  and  Band^ 
qfCeUna [1745.] 

The  CounteM  Coraelia  Baadi,  in  the  62d  year  of  her  age, 
was  all  day  as  well  as  she  used  to  be,  but  at  night  was  ob* 
served,  when  at  supper,  dull  and  heavy.  She  retired,  was  put 
to  bedf  where  she  passed  three  hours  ahd  more  in  familiar 
discourses  with  her  maid,  and  in  some  prav^rs ;  at  last,  foiling 
asleep,  the  door  was  shut  In  the  mommg,  ^e  maid  taking 
notice  that  her  mistress  did  not  awake  at  the  usual  hour, 
went  into  the  bed-chamber  and  called  her;  but  not  being 
answered,  doubting  of  some  ill  accident,  opened  the  windbw, 
and  saw  the  corpse  of  her  mistress  in  the  oeplorable  condition 
following:— 

Four  feet  distance  from  die  bed  there  was  a  heap  of  ashes, 
two  legs  untouched,  from  the  foot  to  the  knee,  with  their 
stockings  on :  between  diem  was  the  lady's  head :  whose 
brains,  half  of  the  back  part  of  the  skull,  and  the  whole 
chin,  were  burnt  to  ashes ;  among  which  were  found  three 
fingers  blackened.  All  the  rest  was  ashes,  which  had  this 
particular  quality,  that  they  left  in  the  hand,  when  taken  up, 
a  greasy  and  stinking  moisture. 

The  air  in  the  room  was  also  observed  cumbered  with  soot 
floating  in  it ;  a  small  oil-lamp  on  the  floor  was  covered  with 
ashes,  but  no  oil  in  it  Two  candles  in  candlesticks  on  a 
table  stood  upright ;  the  cotton  was  left  in  both,  but  the 
tallow  was  gone  and  vanished.  Somewhat  of  moisture  was 
about  the  feet  of  the  candlesticks.  The  bed  received  no 
damage ;  the  blankets  and  sheets  were  only  raised  on  one 
side,  as  when  a  person  rises  up  from  it,  or  goes  in ;  the  whole 
furniture,  as  well  as  the  bed,  was  spread  over  with  moist  and 
ash-coloured  soot,  which  had  penetrated  into  the  chest  of 
drawers,  even  to  foul  the  linens ;  nay,  the  soot  Was  also  gone 
into  a  neighbouring  kitchen,  and  hung  on  the  waUs,  move- 
ables, and  utensils  of  it 

It  was  remarkable,  that  the  floor  of  die  chamber  was  so 
thickly  smeared  with  a  gluish  moisture,  that  it  could  not  be 
taken  off;  and  the  stench  spread  more  and  mart  dirough  die 
odier  chambers. 

In  the  Acta  Medica  et  Fhilosophica  Hafhiensia,  pnl>* 
lished  by  Thomas  Bartholin,  1673,  a  simihur  accident  ia 
related  in  these  words: — *'  A  poor  woman  at  Vm&  used  to 
drink  spirit  of  wine  plentifiilly  for  the  space  of  three  years, 
so  as  to  take  nodiing  else.  Her  body  contracted  such  a  com- 
busUble  disposition,  diat  one  night  she,  lying  down  on  a 
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Straw  couch,  was  all  burned  to  ashes  and  smoke,  except  the 
skull  and  the  extremities  of  her  fingers." 

John  Henry  Cohausen  relates,  **  That  a  Polish  gentleman, 
in  the  time  of  the  Queen  Bona  Sforza,  having  dxwk  two  dishes 
of  a  liquor  called  brandy-wine,  vomited  flames,  and  was  burnt 
by  them." 

The  narrator's  opinion  is,  that  the  fire  was  caused  in  the 
entrails  of  the  body  by  inflamed  effluvia  of  her  blood,  by  juiceis 
and  fermentations  in  the  stomach,  by  the  many  combustible 
matters  which  are  abundant  in  living  bodies  for  the  uses  of 
life;  and,  finally,  by  the  fiery  evaporations  which  exhale 
fi*om  the  settlings  ot  spirit  of  wine,  brandies,  and  other  hot 
liquors,  in  the  tunica  villosa  of  the  stomach,  and  other  adipose . 
or  fat  membranes,  within  which,  as  chemists  observe,  those 
spirits  engender  a  kind  of  camphor ;  which,  in  the  night-time, 
in  sleep,  by  a  full  breathing  and  respiration,  are  put  in  a* 
stronger  motion,  and,  consequently,  more  apt  to  be  set  on  fire. 


Some  Observaitans  on  the  Cancer  Major.  By  Mr.  Pbter 
C0iL/2^S02f.— -  [1746.] 

The  cancer  major,  or  largest  species  of  crabs,  have  their 
chief  abode  in  water  firom  20  to  40  rathoms  in  depth :  they  herd 
together  in  distinct  tribes,  and  have  their  separate  haunts  for 
feeding  and  breeding,  and  will  not  associate  with  their  neigh- 
bours. This  has  been  carefully  tried,  by  taking  a  crab,  and 
marking  its  shell,  and  carrying  it  two  or  three  miles  distance, 
and  leaving  it  among  the  same  species :  this  crab  has  found  its 
way  back  to  its  old  home,  and  has  been  caught  by  the  same 
fishermen  that  carried  it. 

The  smallest  crab  that  comes  to  hand  is  about  the  size  of 
a  chestnut ;  the  full  grown  7  lb.  weight ;  but  there  has  been 
one  caught  that  weighed  12  lb.  The  bait  is  flesh,  or  pieces 
of  skait,  or  small  shark,  of  which  he  eats  but  little.  The 
fishermen  all  acrree,  the  crab  will  live  confined  in  the  pot  or 
basket  some  months,. without  any  food  but  what  is  collected 
firom  the  sea-water,  and  not  decrease  in  weight. 

Once  a  yeiv,  like  the  lobster,  they  lose  or  cast  their  shells^ 
Against  this  extraordinary  change,  they  choose  a  dose  and 
well-secured' retreat  in  the  cavities  of  rocks,  and  under  great 
stones ;  there  they  creep  in,  and  wait,  till  by  degrees  the  parts^ 
are  duengaged ;  which  is  effected  by  withdra^ipg  thar  le^ 
from  their  old  shells,  leaving  them,  and  the  upper  part  of  their 
body-shell  behind.  In  this  naked  state  they  make  a  very  odd 
appearance,  being  an  ill  shapen  lump  Qf  jelly-like  8ubst|tnge». 
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which  gradually  hardens  mto  a  shell  a  size  larger  than  the 
old  one ;  for  tnis  is  the  way  of  growth  appointed  for  this 
animal,  and  others  of  the  cnistaceous  species.  But  what  is 
most  surprisii]^,  this  large  species  of  crab  has  a  power  in 
itself  voluntarily  to  crack  and  break  its  own  legs  or  daws, 
4md  drop  them  off. 

Mr.  Benjamin.  Cook,  at  Newport,  in  the  Isle  of  Wight, 
F.  R.  S.,  in]R>rmed  Mr.  C.  of  this  marvellous  property  in  the 
great  crab ;  but  he  could  not  comprehend  it,  tDl  he  saw  the 
experiment  tried  on  two  crabs ;  then  he  was  soon  convinced 
of  the  truth  of  the  fact ;  for  in  a  few  minutes  the  legs  all 
dropped  off  one  after  another.  This  the  crab  will  do  in  any 
position ;  but  the  easiest  method  is  to  lay  it  on  its  back,  and 
then  take  a  pair  of  strong  iron  pincers,  and  break  the  slieU* 
and  bruise  the  flesh  of  the  third  or  fourth  joint  of  its  small 
1^ ;  after  it  has  received  the  hurt,  it  bleeds,  and  gives  signs 
of  pain,  by  moving  its  leg  from  jside  to  side ;  but  afterwards 
holds  it  quite  stil^  in  a  direct  and  natural  position,  without 
touching  any  part  of  its  body,  or  its  other  legs,  with  it.  Then, 
on  a  sudden,  with  a  gentle  crack,  the  wounded  part  of  the 
leg  drops  off  at  the  second  joint,  or  intemodium,  from  its 
body  ;  just  as  one  sees  the  neck  of  a  retort  separate,  where 
it  has  been  hieated  by  a  red  hot  iron  ring,  on  tibe  fqpplicadon 
of  cold  water.  The  great  legs  are  cast  of  in  the  same  manner^ 
but  are  not  so  easily  laid  hold  on  as  the  small  ones.  Those  who 
have  not  seen  this  wonderful  operation  may  reasonably  con* 
dude,  that  the  leg  is  cast  out  of  its  joint  or  socket ;  but  it  is 
quite  otherwise ;  for  it  cracks  and  breaks  off  in  the  smoothest 
part  of  the  joint,  and  the  rim  of  the  body-shell  is  no  ways 
assistant  to  it^ 

To  try  what  effect  increase  of  pcun  would  have  in  this 
work,  a  small  hole  was  pierced  in  the  great  legs,  and  then  a 
pointed  iron  was  put  in  to  lacerate  the  inclosed  muscle ;  jthe 
consequence  was  answerable  to  expectation ;  symptoms  of 
greater  pain  ensued,  and  the  leg  was  cast  off  with  greater 
violence. 

It  is  really  amazing  and  inconceivable,  by  what  power  or 
contrivance  in  itself,  so  wonderful  an  operation  can  be  per- 
formed by  the  crab,  as  voluntarily  to  crack  and  break  so  hard 
a  shell,  and  its  muscles,  and  then  cast  off  its  legs.  The  small 
diameter  of  this  joint,  the  disposition  of  the  fibres,  and  a  very 
fimall  circular  fossa,  may  contribute  greatly  to  accelerate  the 
work ;  but  yet  the  main  spring  of  action  seems  beyond  the 
reach  of  human  comprehension.  H 

When  the  leg  is  dropped  off,  a  mucus  or  jeUj^k^^harged 
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on  the  remaining  part  of  the  joint  next  the  body,  which,  as  a 
natural  styptic,  instantly  stops  the  bleeding,  and  gradually 
hardens  and  grows  callous,  and  forms  into  a  leg  in  miniature, 
which  by  d^ees  i^ioots  forth,  and  attains  to  its  natural  size, 
to  supply  the  place  of  that  wluch  was  lost. 

The  crabs  are  naturaUy  very  quarrelsome,  and  with  their 
great  legs  or  daws  firiit  and  Idll  each  other :  with  them  they 
catch  hold  of  their  adversary's  legs,  and  whatever  they  seize, 
they  strongly  retain  for  a  long  while :  there  is  .no  escaping 
theur  cruel  foe,  but  by  voluntarily  leaving  a  part  of  the  leg 
behind,  in  token  of  victory ;  but  the  principal  end  for  which 
this  is  done,  is  the  savine  me  life  of  the  conquered ;  for  when 
they  are  bitt^  and  bruised,  and  cannot  break  off  that  limb^ 
they  soon  bleed  to  death. 

The  fishermen  showed  an  experiment,  to  give  some  idea 
of  the  tenacious  di^K>sitioa  of  this  creature,  by  obliging  a 
crab  with  its  great  claw  to  lay  hold  of  a  small  one ;  the  silly 
creature  did  not  distinguish  that  itself  was  the  aggressor ;  but 
^jierted  its  strength,  and  soon  cracked  the  shell  of  its  own 
small  leg,  and  it  bled  freely;  but  feeling  itself  wounded,  to 
save  its  life  required  a  power  peculiar  to  itself  to  break  off 
that  limb  in  the  usual  place ;  which  it  presadtly  effected,  and 
held  ftst  for  a  long  tune  the  broken  part  in  his  great  claw : 
which  evidently  shows,  that  this  creature  retains  whatever 
it  lays  hold  on,  and  when  overcome  by  its  enany,  ransoms 
its  life  at  the  expense  of  a  limb. 


ObservaHom  on  Ae  Precipices  or  Cliffs  an  the  Norih-easi  Sea 
Coast  of  ^  CowiUy  of  NorfolL  By  Mr.  William 
Ardsbon. — [1746.] 

The  various  strata,  which  make  up  this  long  chain  of  moun- 
tainous difis,  must  be  very  interesting  to  every  one,  who  takes 
a  pleasure  in  looking  into  the  many  chimges  which  the  earth 
undoubtedly  has  undergone,  since  its  first  creation.  Vege^ 
table  mould,  sands  of  various  kinds  and  colours,  clays, 
loams,  flints,  marls,  chalk,  pebbles,  &c.,  are  here  to  be  seen  at 
one  view  beautifldly  interspersed ;  and  fire^uently  the  same 
kind  many  times  repeated ;  as  if  at  one  time  dry  land  had 
been  the  sur&ce ;  then  the  sea ;  after,  morassy  ground ;  then 
the  sea,  and  so  on,  tiU  these  (diffs  were  raised  to  the  height 
they  are  now  found. 

This  is  demonstrated  by  the  roots  and  trunks  of  trees,  which 
are  to  be  seen  at  low  water  m  several  placf|y@b(!ft^^  ^^^^^^ 
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near  Hasborough  and  Walket:  bones  of  animals  are  often 
found  here  also. 

These  hills  seem  to  have  been  formerly  the  boundaries  to 
an  arm  of  the  sea^  which  made  Norwich  a  famous  sea-port. 
This  some  of  our  ancient  histories  make  mention  of  as  an  un- 
doubted truth,  though  now  considered  as  a  mere  &ble,  as  no 
vestiges  of  it  remain  above  ground  at  this  day. 

In  the  above-mentioned  marl  pits  he  discovered  a  stratum 
of  shells,  of  about  two  feet  thicK,  running  nearly  parallel  to 
the  horizon.  He  examined  carefully  this  stratum,  where  he 
found  a  great  many  kinds  of  shells ;  but  none  which  had  with* 
stood  time's  all-devouring  teeth,  so  as  to  bear  the  handling; 
excepting  the  common  wilk,  some  of  which  were  very  perfect* 
Among  the  variety  of  things  he  noticed  in  this  stratum  was  a 
mece  of  coal,  which  he  picked  out  from  among  the  shells. 
This  must  have  lain  here  as  long  as  they,  and  been  brought 
from  some  otlier  county,  as  nothing  of  its  kind  is  to  be  found 
here,  but  what  is  brought  fhnn  £stant  parts.  These  shells 
lie  14f  yards  above  the  surfiu^e  of  the  river,  and  nearly  six  be* 
neath  the  top  of  the  liill,  and  he  believes  34  yards  ebove  the 
surface  of  the  sea  at  Yarmouth.  And  it  is  very  remarkable^ 
that  in  these  marl  pits,  six  or  seven  yards  lower  than  the 
above-mentioned  stratum  of  shells,  are  found  a  vast  quantity 
of  stags*  horns  lying  in  all  directions.  Several  I  took  out 
with  my  own  hands ;  and  the  workmen,  who  are  employed 
here,  say,  that  they  scarcely  work  a  day,  but  they  find  more 
or  less  of  them.    But  none  are  found  entire. 

These  horns  have  been  very  large  ones ;  some  of  the  spinet 
measuring  12  inches  and  upwards  in  length.  Many  of  them 
are  more  than  2^  inches  m  diameter,  and  several  of  them 
isiboYe  12  inches  firom  spine  to  spine. 

Another  curiosity  was  the  entire  skeleton  of  a  man,  which 
was  found  in  the  same  stratum  with  the  above-mentioned 
horns,  as  one  of  the  workmen  assured  me :  he  said,  he  took 
the  pains  to  lay  it  altogether  on  the  grass,  as  regularly  as  he 
was  able ;  but  his  curiosity  being  then  satisfied,  he  left  it  to 
be  ground  to  pieces  by  the  carts  and  waggons  that  came 
thither  for  the  marl. 

Among  the  clay  lie  a  great  many  knots,  lumps,  or  nodules, 
of  a  bluer  kind  of  earth,  not  widely  differing  from  that  which 
is  found  in  Harwich  cliff:  these,  when  digged  up,  are  soft; 
hut  when  they  have  been  for  some  time  exposed  to  the  open 
air,  they  become  almost  as  hard  as  flint.  In  and  upon  these 
lumps  are  the  impressions  of  the  comu  ammonis,  or  snake- 
Stones,  in  a  beautiful  manner,  from  one  inch  to  five  or  six  in 
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diameter,  and  several  have  part  of  the  shells  on  tliem,  of  a 
yellowish  white.  Many  other  shells  are  found  in  these  lumps ; 
as  the  pectunculus,  helmet  stones,  belenmites,  common 
eockle,  turbos,  &c. ;  but  these  are  most  of  them  very  small. 


ObservoHons  on  a  sort  of  Libdloy  or  JEpkemeron,    By 
Mr.  Peter  Colunson.  —  [1746.] 

Walking  by  the  river's  side  at  Winchester,  Mr.  C.  iifas 
told,  that  now  was  the  time  of  year  that  the  May-flies,  a 
species  of  libella,  came  up  out  of  the  waters,  and  were  seen 
for  a  few  days,  and  then  disappeared. 

May  28.  1744,  he  was  first  shown  it  by  the  name  of  May- 
fly, on  account  of  its  annual  appearance  in  tiiat  month.  It 
lies  all  the  year,  except  a  few  days,  in  the  bottom  or  sides  of 
the  river ;  and  nearly  resembles  die  nymph  of  the  small  com* 
mon  libellas ;  but  when  it  is  mature,  it  rises  up  to  the  surface 
of  the  water,  and  splits  open  its  case;  then,  with  great 
agility,  up  springs  the  new  animal,  with  a  slender  body,  with 
four  blackish-veined  transparent  shining  wings,  having  four 
black  spots  in  the  upper  wings,  the  under  wings  bein^  much 
smaller  than  the  upper  ones :  it  has  three  long  hairs  in  its  taiL 

The  next  business,  after  this  animal  is  disengaged  from. the 
water,  is  flying  about  to  find  a  proper  place  to  fix  on,  as 
trees,  bushes,  &c.  to  wait  for  its  approaching  change,  which 
b  effected  in  two  or  three  days.  The  first  hint  he  received 
iof  this  wonderful  operation,  was  seeing  their  exuviae  hanging 
on  a  hedge.  He  then  collected  a  great  many,  and  put  them 
in  boxes ;  and  by  strictly  observing  them,  he  could  tell  when 
they  were  ready  ^to  put  off  their  old  clothes,  though  but  so 
lately  put  on. 

He  had  the  pleasure  to  show  his  firiends  one  that  he  held 
on  his  finger  all  the  while  it  performed  this  great  work :  it 
was  surprising  to  see  how  easily  the  back  part  of  the  fly 
split  open,  and  produced  the  new  birth,  which  he  could  not 
|)erceive  to  partake  of  any  thing  fi*om  its  parent ;  but  leaves 
head,  body,  wings,  legs,  and  even  its  three-haired  tsiil  behind^ 
or  the  cases  of  them.  After  it  has  reposed  itself  awhile,  it 
flies  with  great  briskness  to  seek  its  mate. 

By  much  the  greater  numbers  perish  on  the  waters,  which 
are  covered  with  them.  This  is  the  end  of  the  females ;  but 
the  males  never  resort  to  the  river  that  he  could  perceive : 
after  they  have  done  their  office,  they  drop  down,  languish, 
and  die,  under  the  trees  and  bushest        Digitized  by  CoogLe 
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He  observed  that  this  species  of  libella  abounded  most 
with  females;  which  was  very  necessary,  considering  the 
many  enemies  they  have  during  their  short  appearance ;  for 
both  birds  and  fish  are  very  fond  of  them,  and  doubtless  under 
the  water  they  are  a  food  for  small  aquatic  animals. 

What  is  further  remarkable  in  this  surprising  creature  is^ 
that  in  a  life  of  three  or  four  days  it  eats  nothing,  seems  to 
have  no  apparatus  for  that  purpose,  but  brings  up  with  it  out 
of  the  water  sufficient  support  to  enable  it  to  shed  its  skin, 
and  perform  the  principal  ends  of  life  with  great  vivacity. 


On  the  Perpendicular  Ascent  qf  Eels.    By  Mr.  Wx. 
AsDEBONy  F.R.&—  [1747.] 

On  reading,  some  years  before,  what  Dr.  Plot,  in  his 
History  of  Stanordshire,  relates  concerning  the  passage  of  eels 
across  meadows,  in  the  night-time,  from  pond  to  pond,  Mr.  A. 
could  hardly  forbear  blinking  that  the  gentleman  must 
have  been  deceived ;  but  what  Mr.  A.  has  Utely  seen  gives 
him  great  reason  to  believe  that  account  to  be  strictly  true. 

On  June  12. 1745,  while  viewing  the  flood-gates  belonging 
to  the  water-works  in  the  city  of  Norwich,  he  beheld  a  great 
number  of  eels  sliding  up  them  and  the  posts  adjacent,  not- 
withstanding they  all  stood  perpendicular  to  the  horizon,  and 
five  or  six  feet  above  the  surface  of  the  pool  below  the  water* 
works.  They  ascended  these  posts  and  gates,  till  they  cam6 
into  the  dam  above.  And,  what  makes  the  matter  appear 
still  more  strange,  they  -slid  up  with  the  utmost  &cility  and 
readiness ;  though  many  of  the  boards  and  posts  were  quite 
dry,  and  as  smooth  as  a  common  plane  had  left  diem. 

He  observed,  that  at  first  they  thrust  their  heads,  and 
about  half  their  bodies,  out  of  the  water,  and  held  them  up 
against  the  wood-work  for  some  time:  probably  till  they 
found  the  glutinous  matter,  which  is  constantly  about  their 
bodies,  become  sufficiently  thick  or  viscid,  by  being  exposed 
to  the  air,  to  sustain  their  weight :  then  they  would  begin  t  > 
ascend  directly  upwards,  with  as  much  seeming  ease,  as  if 
they  had  been  sliaing  along  the  level  ground ;  and  thus  they 
continued  to  do*  till  they  got  into  the  dam  above. 


On  Birds  of  Passage.    By  Mr.  Mark  Catesby^  F.B.S. 

The  places  to  which  birds  of  passage  retreat  when  they 
leave  us,  are  first  of  all  to  be  enquired  after,  and  ^n  it  will 
be  proper  to  examine  by  what  route,  and  in  what  jnazmeo 
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they  convey  themselves  to  sudbi  places.  The  reports  of  their 
lying  torpid  in  caverns  and  hollow  trees,  and  of  their  restinto 
in  the  same  state  at  the  bottom  of  deep  waters,  are  so  iu 
attested,  and  absurd  in  themselves,  that  the  bare  mention  of 
them  is  more  than  they  deserve. 

The  various  conjectures  concerning  the  places  to  which 
birds  of  passage  retire,  are  occasioned  by  the  want  of  ocular 
testimony  to  brine  the  matter  to  some  certainty.  But  if  the 
immenseness  of  the  globe  be  considered,  and  the  vast  tracts 
of  land  which  still  remain  unknown  to  us,  it  is  no  wonder 
that  we  are  yet  unacquainted  with  the  retreat  of  these 
itinerant  birds.  On  this  head  Mr.  C.  agrees  in  the  general 
opinion  of  their  passing  to  other  countries  by  the  common 
natural  way  of  flying,  with  this  additional  conjecture,  that 
the  places  to  which  they  retire,  lie  probably  in  the  same 
latitude  in  the  southern  hemisphere,  as  the  places  from 
whence  they  depart ;  where  the  seasons  reverting,  they  may 
enjoy  the  like  temperature  of  air* 

It  may  be  objected,  that  places  of  the  same  latitude  in  the 
southern  hemisphere  may  be  divided  by  too  wide  a  tract  of 
aea  for  them  to  pass  over.  But  why  then  may  not  some 
other  purts  of  the  southern  hemisphere  serve  their  turn  ? 
This  seems  more  reasonaUe,  than  that  they  should  remain  on 
our  side  of  the  northern  tn^ic;  within  a  few  degrees  of 
which,  fit  the  winter  solstice,  it  is  so  cold,  as  frequently  to 
produce  snow ;  which,  by  dispersing  such  insects  as  bird^ 
that  feed  on  the  wing,  and  particiuEurly  the  swallow  kinds, 
subsist  on,  must  make  Uiem  perish  inevitably,  were  they  not 
to  change  their  quarters  for  those  more  favourable  dunes, 
where  a  ccmtinuance  of  warm  weather  affords  their  natural 
«nd  proper  food.  This  theu-  sagacity  dictates  to  them,  and 
is  the  apparent  cause  of  their  peqoaicall]^  leaving  us  at  the 
a|)proach  of  winter,  before  flies  are  so  dissipated  by  cold  and 
winds  as  to  be  found  no  longer  in  the  air,  though  €tkej  may 
with  other  insects  be  met  with  in  holes  and  hidden  rec&ses, 
and  serve  to  subsist  other  birds  of  passage. 

What  Mr.  C.  infers  from  hence  is,  that  as  swallows  cannot 
continue  and  subsist  so  long  in  cold  seasons  as  other  birds  of 
passage,  they  are  necessitated  to  visit  us  somewhat  later,  and 
to  depart  sooner ;  for  though  nightmgales,  and  other  birds  of 
passage,  are  not  often  seen  or  observed  after  they  cease 
singing,  yet  he  has  frequently  noticed  them  in  their  solitary 
coverts  a  month  after  tlie  departure  of  swallows.  From  these 
reasons  he  concludes,  that  birds  of  passage,  particularly 
swallows,  are  necessitated  to  pass  tlie  tropic  of  Cancer ;  but 
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how  &r  more  souths  or  to  what  part  of  tKe  southern  hemi* 
sphere  they  go,  remains  miknown. 

The  manner  of  their  journeying  to  their  southern  abode 
may  vary,  as  the  different  structure  of  their  bodies  enables 
them  to  support  themselves  in  the  air:  those  birds  with 
diort  wings,  such  as  the  red*start,  blackcap,  &c.,  though  they 
are  incapable  of  such  long  flights,  and  with  so  much  celerity, 
yet  he  tninks  they  may  pass  in  like  manner,  but  by  gradual 
and  slower  movements.  Swallows  and  cuckows  may  pro* 
bebly  perform  their  flight  in  half  the  time ;  yet  there  seems 
no  necessity  for  a  precipitate  passage,  because  evei^  dafn 
passage  affords  them  increase  of  warmth,  and  a  contmuance 
of  food  a  longer  time  than  is  necesrary  for  their  passage,  were 
it  to  the  sMie  latitude  south  as  that  from  whence  they  go* 

Why  may  not  these,  and  other  itinerant  birds,  perform 
their  long  journeys  in  the  night-time,  t^  conceal  themselvea 
fr(Mn  rapacious  birds,  and  other  dimgers  that  di^*light 
cscposes  them  to?  whidi  nocturnal  traireUing  of  birds  of 
passage  he  believes  more  than  barely  probable,  fi'om  th^ 
following  observations,  which  may  serve  in  some  degree  to 
confirm  it.  Lying  on  the  deck  of  a  sloop  on  the  north  side 
of  Cuba,  Mr.  C.  and  the  company  with  him  heard,  three 
nights  successively,  flights  of  rice-birds,  their  notes  being 
plamly  distinguishable  from  others,  passing  over  their  heads 
northerly,  which  is  their  direct  way  from  Cuba,  and  the 
southern  continent  of  America,  whence  they  go  toCardina 
annually  at  the  time  that  rice  begins  to  ripen ;  and,  after 
growing  fat  with  it,  rttum  south  bade  again. 

There  are  also  winter  birds  of  passage,  which  arrive  here 
in  autumn,  at  the  time  the  summer  birds  depart,  and  go  away 
in  the  spring  season,  when  summer  birds  return*  These, 
however,  are  but  few,  there  being  only  four  sorts  known,  viz, 
the  fieWare,  redwing,  woodcocl^  and  snipe ;  which  last  two 
he  has  often  known  to  continue  the  summer  here,  and  breed; 
so  that  the  fieldfare  and  redwing  seem  to  be  the  (Hily  birds  of 
passage  that  constantly  and  unanimously  leave  us  at  the 
approach  of  summer,  retiring  to  more  northern  parts  of  the 
Continent,  where  they  breed,  and  remain  the  summer,  and  at 
the  return  of  winter  are  driven  southerly  firom  those  frigid 
climates  in  search  of  food,  which  there  the  ice  and  snow 
deprive  them  of.  When  the  severity  of  our  winters  deprives 
them  of  their  liquid  sustenance,  necessity  obliges  them  to 
retire  towards  the  sea  in  numerous  flights,  where  in  open 
lutickish  waters  they  find  relief,  and  at  the  approach  of  the 
sprinfiT  they  retire  to  their  summer  recesses^   But  these 
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cannot  he  included  among  those  usually  termed  birds  of 
passage. 

Besides  the  different  kinds  of  swallows,  there  is  but  one 
kind  of  European  bird  that  subsists  in  like  manner  by  catch- 
ing its  food  on  the  wing,  that  is,  the  caprimulgus,  or  goat- 
sucker, the  capacious  structure  of  whose  mouth  and  gullet  is 
formed  to  receive  insects  of  the  larger  kinds,  as  scarabeeiy 
grillotalpae,  &c.    These  are  also  birds  of  passage. 

We  have  made  it  pretty  evident,  that  summer  birds  of 
passage  come  to,  and  depart  from,  us,  at  certain  seasons  of 
the  year,  merely  for  the  sake  of  a  more  agreeable  degree  of 
warmth,  and  a  greater  plenty  of  food ;  both  which  advantages 
they  procure  by  an  alternate  change  of  climate;  but  the 
migration  of  winter  birds  of  passage,  and  particularly  of  field- 
&res  and  redwings,  is  much  more  difficult  to  be  accounted 
for ;  there  being  no  such  apparent  necessity,  either  on  the 
score  of  food  or  climate,  for  their  departure  6om  us. 

The  reason  of  their  coming  here  in  winter  is  probably  for 
the  sake  of  food,  and  a  more  suitable  climate  than  that  they 
leave ;  but  in  some  severe  cold  seasons,  and  when  there  is  a 
scarcity  of  berries,  they  subsist  here  with  difficulty,  and  are 
even  mmished  sometimes  for  want  of  sufficient  food;  yet 
what  appears  most  unaccountable  is,  that  such  as  have  con- 
tinued with  us  a  whole  winter  in  penury,  and  should,  one 
would  imagine,  rejoice  at  our  approaching  spring,  and  build 
their  nests,  and  couple,  on  the  contrary  all  depart,  as  if  that 
mild  and  pleasant  temperature,  which  delights  and  cherishes 
most  other  creatures,  were  disagreeable  to  them.  We  know 
the  places  of  their  summer  retirement  to  be  Sweden,  and 
some  other  countries  in  that  latitude ;  but,  as  they  would  find 
those  countries  too  cold  for  tlieir  reception,  and  probably 
destitute  of  provision,  were  they  to  hasten  directly  thither 
when  they  depart  from  hence,  they  journey  gradually,  and 
prolong  their  passage  through  the  more  moderate  countries 
of  Germany  and  Poland,  by  which  means  they  arrive  not  at 
those  northern  regions,  aioapted  by  Providence  for  their 
summer  abode,  and  the  breeding  of  their  young,  till  the 
severity  of  the  cold  is  so  much  abated  as  to  render  it  pleasing 
to  them,  and  food  may  be  there  foimd.  When  they  visit  us 
l^gain  in  winter,  their  return  back  is  after  the  same  manner. 

The  winter  food  of  these  birds  being  berries,  and  par- 
ticularly haws,  as  a  greater  abundance  of  them  grow  in  this 
island  than  can  be  supposed  in  the  more  northern  regions, 
that  may  possibly  be  one  great  allurement  to  bring  them  over 
hither;  but  the  principal  reason  inducing  them  to  travel 
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southward,  is  probably  the  rigour  and  severity  of  the  cold  in 
those  frigid  climes,  which  nature  therefore  directs  them  to 
desert  for  such  as  are  more  temperate* 


Concerning  the  Property  of  WcOer  Efts,  in  slipping  off  therr 
Skins  as  Serpents  do.    By  Mr,  David  Erskine  Bakes* 

This  animal  is  to  be  found  in  the  spring,  and  during  tlie 
whole  summer  season,  in  most  ditches  and  shallow  standii^ 
waters  throughout  England,  being  unknown  to  very  few. 
It  has  long  been  known,  that  most  of  the  serpent  kind  put 
off,  or,  as  we  commonly  term  it,  cast  their  slans,  at  certain 
periodical  times  ;  though  we  are  very  little  acquainted  with 
the  maimer  of  their  performing  this  work,  since  it  is  com- 
monlv  done  in  their  retiring  places,  where  we  can  seldom  get 
a  sight  of  them ;  nor  should  we  indeed  know  that  their  skins 
were  changed  at  all,  did  we  did  not  often  find  the  skins  they 
have  cast  off. 

A  day  or  two  before  the  skin  is  to  be  changed,  the  animal* 
appears  more  sluggish  than  usual,  takes  no  notice  of  the 
worms  you  give  it,  which  at  otlier  times  it  devours  greedily ; 
the  skin  in  some  places  appears  loose  from  the  body,  and  its 
colour  not  so  lively  as  it  did  before ;  and  thus  it  continues  till 
the  great  work  of  putting  off  the  old  skin  is  to  be  performed. 
It  begins  this  operation .  by  loosening  with  its  fore  feet  the 
skin  about  its  jaws,  which,  when  open,  are  wider  than  any 
part  of  its  own  body,  and  pushes  it  backward  gently  and  gra- 
dually both  above  and  below  the  head,  till  it  is  able  to  slip 
out  mrst  one  leg,  and  then  the  other ;  which  when  it  has  done, 
it  proceeds  to  thrust  the  skin  backward  as  far  as  these  l^s 
can  reach ;  it  is  then  obliged  to  rub  its  body  against  pebbles, 
gravel,  or  whatever  else  it  can  meet  with,  till  more  than  half 
its  body  is  freed  from  the  skin,  which  appears  doubled  back» 
and  covering  the  hinder  part  of  the  body  and  the  tail.  When 
the  business  is  thus  far  done,  the  animal,  turning  its  head 
round  to  meet  its  tail,  takes  hold  of  tlie  skin  with  its  mouth, 
and  setting  its  feet  on  it,  by  degrees  pulls  it  quite  off,  the  hind 
legs  being  drawn  out  as  the  fore  ones  were  before. 

This  operation  sometimes  takes  up  near  half  an  hour,  after 
which  it  appears  full  of  life  and  vigour,  as  well  as  very  sleek 
and  beautiful.  When  the  skin  is  come  off,  if  it  be  not  taken 
away  soon,  it  is  very  common  for  the  creature  to  swallow  it 
whole,  as  it  does  all  its  other  food ;  and  if  it  take  it  in  by  the 
head-part  first,  as  frequently  is  the  case,  the  tail-part,  being 
fiUed  with  air  and  water,  becomes  like  a  blown  bladder,  and 
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proves  80  unmanageable  that  it  is  very  diverting  to  see  the 
pains  it  costs  to  discharge  the  air  and  water,  and  reduce  it  to 
a  fit  condition  to  be  got  down  its  throat. 

Many  creatures  of  very  different  kinds  put  off  their  skins  and 
^ells  at  certain  periods.  All  serpents  are  supposed  to  do  so ; 
the  skins  of  several  kinds  being  often  found  whole.  Crabs,  lob- 
sters, cray-fish,  shrimps,  and,  probably,  most  or  all  of  the  crusta- 
ceous  fishes,  cast  their  shells  from  time  to  time ;  and  if  we  may 
guess  of  the  rest  f^  the  fresh-water  shrimp,  which  Mr.  B. 
had  kept  several  times  and  observed,  their  shells  are  put  off 
without  any  other  breach  than  one,  longitudinally,  in  the 
middle  of  the  belly  part,  through  which  the  body,  tail,  and 
daws  are  drawn  out,  and  the  shdl  left  in  a  manner  who^. 

Of  the  insect  tribe,  every  caterpillar  has  three  or  four  skins, 
before  its  change  into  the  aurella  state,  in  which  the  place  of 
creeping  out  is  a  little  below  the  head.  The  spider  throws 
off  the  ridn  or  shell  three  or  four  times,  getting  out  of  it  by  a 
rupture  underneath,  and  leaving  every  claw,  and  even  the 
horny  covering  of  his  forceps,  entire.  Even  the  little  mite 
casts  its  skin  also  at  several  short  periods,  and  nearly  in 
the  seme  manner. 


A  LeUer  Jrom  Mr.  O.  Stovin^  concermng  Ae  Body  cf  a 

Womaih  amd  an  AnHgue  Shoe,  found  in  a  Mona$8  in  tk$ 

Ide  <fAxhdm.—  \\14n.'\ 

The  beginning  of  June  last  (1747)}  ^'a  labouring  man,  ef 
Amcotts,  in  the  Isle  of  Axholm,  in  the  county  of  Lincoln,  was 
digging  turf  or  peat  in  tlie  moors  of  Amcotts ;  and,  about  six 
feet  below  the  surface,  his  spade  cut  Uie  toe  of  a  sandaL 
Hearing  of  this  discovery,  Mr.  S.  found  the  other  sandal,  whole 
and  firm.  It  was  very  soft  and  pliable,  and  of  a  tawny  colour, 
with  all  the  bones  of  that  foot  in  it,  and  all  the  mstly  part  of 
the  heel.  Proceeding  further,  thev  fotind  the  i£in  and  thigh- 
bones, which  he  measured,  and  u>und  to  be  18  inches  loi^. 
They  then  found  all  the  skin  of  the  lower  parts  of  the  body, 
whidb  was  of  the  same  colour  as  the  sandals,  and  very  soft. 
The  skin  drew  or  stretched  like  a  piece  oi  doe-leather,  and 
was  as  strong.  They  then  found  the  skin  of  the  arms,  which 
was  like  the  top  of  a  muff  or  glove,  when  the  bones  were 
diaken  out.  They  then  found  the  skin  of  a  hand,  with  the 
nails  as  fresh  as  any  person's  living :  thi?  was  the  woman's 
natural  skin  so  tanned,  with  the  nails. 

These  sandals  must  be  very  ancient,  and  have  most  certainly 
been  mftde  of  a  raw  hide,  as  tJiiey  and  the  skin  of  the  woman 
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were  both  of  one  colour,  and^both  had  one  tanner ;  which, 
probably,  is  the  moor  water ;  which  is  exactly  of  the  colour  of 
coffee ;  and  made  so  by  such  great  quantities  of  oak  and  fir- 
wood,  that  are  frequently  dug  out  of  these  moors ;  several 
oeJc-trees  affording  1000  pales  for  fencing,  5^  feet  long,  and 
six  to  eight  inches  broad,  which  oak-wood  is  as  black  as  jet. 
The  fir-wood  retains  it  turpentine  smell,  and  in  hot  weather, 
exposed  to  the  sun,  the  turpentine  will  drop  from  it. 
This  wOod  is  frequently  split  into  laths  for  tlie  roofs  of  houses 
4K  floors  i  and  it  is  remarkable  that  no  worm  will  touch  them. 
They  frequently  find  also  hazle-nuts  and  fir-apples  in  abun- 
dance ;  which  is  a  plain  proof  that  the  trees  fell  in  autumn, 
idien  the  fruitf  were  at  maturity.  This  woman  was  probabljjv. 
overwhelmed  %  some  strong  eddy  of  water;  for  she  lay  on 
Gne  side  bended,  with  her  head  and  feet  almost  together. 

The  sandal  is  of  one  piec^  of  leather,  with  a  seam  at  the 
heelf  and  a  thong  of  tfie  same  leather. 


As  to  this  water,  on  these  moors,  preserving  human  bodies ; 
it  is  most  certain,  from  part  of  a  body  having  been  taken  up 
at  Geel  )>y  Mr.  Empson  50  or  60  years  ago,  and  one  in  tl:^ 
great  moor  near  Thorn,  about  seven  years  ago,  with  the  skin 
like  tanned  leather,  the  hair,  teeth,  and  nails  &ing  quite  fresh 


On  the  Case  of  Margaret  CutHngy  who  spoke  disHnctfyy  ^lough 
she  had  lost  the  Apex  and  Body  of  her  Tongue.    By  Jambs 
PdJVSONs,  M.D.  F.R.  -S:— [17470 
Several  of  the  members  of  the  Royal  Society  having  been 
divided  in  their  opinions  concerning  what  was  reported  of 
Margaret  Cutting,  when  they  were  first  informed  of  her  by 
Mr.  Baker,  Dr.  P.  conceived  it  to  be  necessary,  in  order  to 
render  her  case  better  understood,  to  lay  before  the  Society 
the  following  particulars,  which  were  the  result  of  an  examin- 
ation made  a  few  days  before  by  Dr.  Milward  and  himself; 
and  which  in  general  differs  not  from  the  opinion  which  that 
learned  gentleman  and  he  mentioned  to  the  Society,  on  the 
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occasion^  which  the  science  of  anatomy  necessarily  suggested 
to  them  at  that  time.  But  James  Theobald,  Esq.  a  member 
of  the  Royal  Society,  having  encouraged  her  to  come  to  Lon- 
don, and  naving  brought  hiar  to  the  meeting  of  the  Society, 
this  gave  all  the  members  here  an  opportunity  of  coming  at 
the  truth  of  her  case ;  wherefore  Dr.  P.  here  offers,  first,  an 
account  of  her  then  condition ;  and,  next,  some  considerations 
oki  the  natural  state  and  uses  of  the  tongue ;  which  will  show 
how  far  she  makes  the  lips  and  teeth  supply  the  want  of  her 
tongue  in  speakings  and  also  enable  others  to  judge  better  o£ 
the  case. 

Of  the  state  of  the  woman's  tongue  in  December,  174<7.-*- 
The  apex  and  body  of  the  tongue  being  the  only  parts  that 
naturaUy  fill  the  cavity  of  the  mouth,  are  entirely  wanting  m 
this  woman,  as  closely  to  the  region  of  the  os  hyoides,  whidi 
b  the  root  of  the  tongue,  as  can  well  be  conceived ;  and 
which  was  then  situated  too  low  in  the  throat  to  be  perceived, 
even  when  she  opened  her  mouth  at  the  widest. 

If  the  mortification  had  reached  the  os  hyoides,  it  must 
have  reached  and  destroyed  the  muscles  of  the  larynx,  and 
then  the  voice  would  have  been  destroyed ;  and  also  those  of 
the  pharynx,  and  then  deglutition  could  never  have  been  per- 
formed; the  dreadful  consequences  of  which  need  not  be  enu- 
merated here ;  but  she  swaUows  well,  and  her  voice  is  per- 
fect, and  therefore  it  is  'not  very  extraordinary  she  should 
command  her  voice  by  the  proper  muscles  which  remain 
untouched. 

She  had  her  taste  perfectly,  which  is  hereafter  accounted  for. 

The  tongue  is  a  neshy  substance,  chiefly  made  up  of  mus- 
cles, and  consists  of  a  basis  or  root,  a  body,  and  an  apex. 
As  to  its  uses,  it  is  smd  to  be  the  instrument  of  speaking  and 
tasting.  As  to  the  latter,  experience  shows  us  the  very  apex 
of  the  tongue  is  less  capable  of  discerning  tastes  than  the  next 
part  to  it,  and  this  than  the  parts  yet  farther  back,  all  along 
the  body  to  the  root. 

•As  to  speech,  which  is  only  sound  or  voice  articulated  into 
expression,  the  tongue  is  not  the  sole  organ  for  such  articu- 
lation ;  the  lips,  teeth,  and  roof  of  the  mouth  are  instruments 
also  for  the  same  purpose ;  the  two  latter  for  the  necessary 
resistance  to  the  apex  of  the  tongue,  and  the  lips  for  the  ab- 
solute articulation  and  pronunciation  of  many  letters :  how* 
ever,  the  following  short  examination  of  the  letters  of  the 
alphabet,  as  expressed  by  these  organs,  will  demonstrate  it 
The  tongue  expresses  some  letters  with  its  apex,  and  some 
with  its  root.    Those  absolutely  proper  to  the  4pex  bt^  only 
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five^  d,  1,  n,  r,  t.  And  those  to  which  it  only  assists,  arc  the 
-following  letters,  c,  g,  s,  x,  z  ;  all  which  can  be  performed  with 
•the  teeth  alone,  and  which  this  person  did  very  well. 

-Now  the  lip-letters,  and  those  expressed  by  the  root  of  the 
-tongue,  she  also  performed  as  well  as  any  person ;  the  former 
are  b,f,  m,  p;  and  the  latter  are  k,  q,  x;  and  as  to  the  vowels, 
and  the  aspiration  h,  since  they  are  chiefly  sounded  by  the 
^exhalation  of  the  voice,  commanded  partly  by  the  lips  in 
widening  or  straitening  the  cimaci^  of  the  mouth,  these 
she  could  also  express ;  so  that  there  was  no  letters  she  could 
not  pronounce,  except  the  five  apex  letters ;  and  these  she  ma^ 
paged  so  well  by  bringing  the  under  lip  to  her  upper  teeth> 
in  the  course  of  her  conversation,  that  any  one  could  instantly 
apprehend  every  word  she  said;  and  she  further  plainly  provea, 
that  the  lips  are  a  better  succedaneum  to  the  apex,  than  that 
could  be  to  the  lips  if  tliey  were  wanting. 


jbi  Account  of  the  Experiments  made  to  discover  whether  the 
Electrical  Power y  when  the  Conductors  ^  it  toere  not  sup^ 
ported  by  Electrics  per  se,  would  be  sensible  at  great  Dw- 
tances  :  tvith  an  Enquiry  concerning  the  respective  Velocities 
of  Electricity  and  Sound.   By  William  Watson^  F.R.  S* 
Amono  the  many  surprising  properties  of  electricity,  none 
was  more  remarkable,  than  that  the  electrical  power,  accu- 
mulated  in  any  non-electric  matter  contained  in  a  glass  phia)> 
described  on  its  explosion  a  circuit  through  any  Inie  of  sub- 
stances non-electricsu  in  a  considerable  degree ;  if  one  end  of 
it  was  in  contact  with  the  external  surface  of  this  phial>  and 
the  other  end  on  the  explosion  touched  either  the  electrified 
gun-barrel,  to  which  the  phial  in  charging  was  usually  con- 
nected,  or  the  iron  hook  always  fitted  in  it.   This  circuit,  where 
the  non-electric  substances,  which  happen  to  be  between  the 
outside  of  the  phial  and  its  hook,  conduct  electricity  equally 
well,  is  idways  described  ip  the  shortest  route  possible ;  but 
if  they  conduct  differently,  this  circuit  is  always  formed 
through  the  best  conductor,  how  great  soever  its  length  is* 
rather  than  through  one  which  conducts  not  so  well,  Uiou^ 
of  much  less  extent. 

Mons.  le  Monnier  the  younger,  at  Paris,  in  an  account  trans* 
mitted  to  the  Royal  Society,  takes  notice  of  his  feeling  the 
stroke  of  the  electrified  phial  along  the  water  of  two  of  the 
basms  of  the  Thuilleries,  the  surface  of  one  of  which  is  about 
an  acre,  by  means  of  an  iron  chain  which  lay  on  the  ground, 
and  was  stretched  round  half  their  circumference.    On  the*^ 


390     ELSCTBICAL  EXPSRIMBMTS  OF  TUB  BOYIX  aOCIBm 

cimsiderations  it  was  conjecturedy  hb  no  circuit  had  ieis  yet 
been  found  large  enough  so  to  dissipate  the  electrical  power 
as  not  to  make  it  perceptible,  that  if  the  non-electricsu  con- 
ductors were  properly  disposed,  an  observer  might  be  made 
eensible  of  the  electrical  commotion  quite  Jicross  the  mef 
Thames,  by  the  communication  of  no  other  medium  than  the 
water  of  that  river.  In  any  other  part  of  natural  philosophy, 
as  we  should  draw  conclusions  only  from  the  fiicts  themsetvefl^ 
it  was  determined  to  make  the  experiment 

To  try  this  experiment  it  was  absolutely  necessary  that 
a  line  of  non-electric  matter,  equal  in  length  to  die  breadth 
of  the  river,  should  be  laid  over  it,  so  as  not  to  touch  the 
water  in  any  part  of  its  length ;  and  the  bridge  at  West- 
minster  was  thought  the  most  proper  for  that  purpose^  where 
the  water  from  shore  to  shore  ia  somewhat  more  than  400 
yards. 

Accordingly,  on  Juljr'14. 1747,  several  members  of  the  Royal 
Society  met  to  assist  m  making  the  experiment.  A  line  of 
wire  was  laid  along  the  bridge,  not  only  through  its  whole 
length,  but  likewise  turning  at  the  abutments,  reached  down 
the  stone  steps  on  each  side  of  the  river  low  enough  for  an 
observer  to  dip  into  the  water  an  iron  rod  held  in  his  hand. 
One  of  the  company  then  stood  on  the  steps  of  the  West- 
minster shore,  holding  this  wire  in  his  left  hand,  and  an  iron 
rod  touching  the  water  in  his  right ;  <m  the  steps  facing  Hie 
fdnner,  on  the  Surrey  shore,  ano&er  of  the  company  took  hold 
of  the  wire  with  his  right  hand,  and  grasped  with  his  left  a 
hurge  phial  almost  filled  with  filings  of  iron,  coated  with  sheet- 
lead,  and  highly  electrified  by  a  glass  globe  properly  disposed 
m  a  neighbouring  house.  A  third  observer,  standing  near 
the  second,  dipped  an  iron  rod  held  in  hia  left  hand  into  the 
water,  and  touching  the  iron  hook  of  the  charged  phial  with  a 
ftiger  of  his  right  hand,  the  electricity  Snapped,  and  its  com- 
motion was  felt  by  all  the  three  observers,  but  much  more  by 
those  on  the  Surrey  shore. 

The  experiment  was  repeated  several  times,  both  then  and 
afterward,  and  Uie  electrical  commotion  felt  across  the  river. 
The  length  of  this  circuit,  through  which  the  electricity  wto 
propagated,  was  at  least  800  yards,  more  than  400  yatds  of 
vriiich  was  formed  by  the  stream  of  the  river. 

It  was  thought  proper  to  try  the  effects  of  electricity  od 
some  warm  spirit  of  wine  through  the  large  circuit  before 
mentioned.  Accordingly,  the  observers  being  placed  as  before, 
both  on  the  Westmbster  and  Surrey  shores,  no  other  alteration 
was  made  in  the  before-mentioned  apparatus,  than  that  the 
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wire  which  connected  the  gun-barrel  with  the  iron  hoolc  of 
the  coated  phial  being  laid  aside,  the  coated  phial  itself  was 

'  charged  at  the  gun-barrel,  and  then  brought  in  the  hands  of 

•  an  observer  near  the  warm  spirits  in  the  spoon,  which  was 
placed  on  the  short  iron  rod  before  mentioned,  which  was 
connected  with  the  wire  which  went  to  the  observers  on  the 
Surrey  shore.  On  presenting  properly  the  iron  hook  of  the 
diarged  phial  to  the  warm  spirit,  it  was  instantly  fired,  and 
the  electrical  commotion  felt  by  the  observers  on  both  sides 

•of  the  river. 

Encouraged  by  the  success  of  these  trials,  the  gentlemen 
were  desirous  of  continuing  their  enquiries,  and  of  knowing 
whether  the  electrical  commotions  were  perceptible  at  a  still 
greater  distance.  The  New  River  near  Stoke  Newington 
was  thought  most  convenient  for  that  purpose ;  as  at  the 
bottom  of  that  town,  the  windings  of  the  river  are  such,  that 
the  distance  by  land  is  about  800  feet,  but  die  course  of  the 
river  is  near  2000.  From  another  place  in  a  right  line  is 
S800  feet,  but  the  course  of  the  water  is  near  80Cn5  feet. 
Consequently,  on  Friday,  July  24. 1747,  there  taet  at  Stoke 

•Newington,  the  President  of  the  Royal  Society  and  several 
other  gentlemen ;  where  every  thing  was  disposed  as  before^ 
end  the  wire  extended  over  the  meadows^  without  touching 
the  wat^.  When  every  thing  was  thus  arranged,  and  the 
signals  given,  the  charged  phial  was  exploded  several  times, 

.and  the  electrical  dommotion  every  time  smartly  felt  by  the 
observers  at  both  places.  In  the  like  trials  at  the  other 
i^ces,  the  commotions  were  perceptible  at  a  distance  not 
less  than  2800  feet  by  land,  and  near  8000  by  water. 

The  gentldmen  met  again,  July  28. 1747 ;  when  the  iron 
wire  in  its  whole  length  being  supported,  without  any  where 
touching  the  ground,  by  dry  sticks  placed  at  proper  mtevals, 
of  about  three  feet  in  height,  the  observers  hoiti  stood  on 
arigidally-electrics,  and,  on  the  signal,  dipped  their  iron  rods 
into  the  water.  On  discharging  the  phial,  which  was  several 
times  done,  they  were  both  very  much  shocked,  much  more 
so  than  when  the  conducting  wire  lay  on  the  ground,  and 
the  observers  stood  on  it,  as  in  the  former  experiments.  ' 

The  gentlemen  were  desirous  of  trying  the  electrical  com- 
motion, at  a  still  greater  distance  than  any  of  the  former, 
through  the  water,  and  where,  at  the  same  time  by  altering 
the  disposition  of  the  apparatus,  it  might  be  tried,  whether 
that  power  would  be  perceptible  through  the  dry  groimd  only 
at  a  considerable  distance.  Highbury  Bam  beyond  Islington 
was  thought  a  convenient  place  for  this  purpose,  as  it  was 
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situated  on  a  hill  nearly  in  a  line,  anH  almost  equi-distant  from 
.  nro  stations  on  the  New  River,  somewhat  more  than  a  mile 
aswider  by  land,  though  following  the  course  of  that  river 
their  distance  from  each  other  was  two  miles.  The  hill  be- 
tween these  stations  was  of  a  gravelly  soil ;  which,  from  the 
late  continuance  of  hot  weather  without  rain,  was  dry,  full  of 
cracks,  and  consequently  was  as  proper  to  determine  whether 
the  electricity  would  be  conducted  by  diy  ground  to  any 

Seat  distance,  as  could  be  desired.  Accordingly,  on  Wednes* 
ly,  Aug.  5.  1747,  they  met  at  Highbury  Bam.  The  elec- 
trifying machine  being  placed  up  one  pair  of  the  stairs  in  the 
house  there,  a  wire  from  the  coated  phial  was  conducted  <hi 
dry  sticks  as  before  to  that  station  by  the  side  of  the  New 
River,  which  was  to  the  northward  of  the  house.  The  length 
of  this  wire  was  three  furlongs  and  six  chains,  or  2376  feet. 
Another  wire  &stened  to  tlie  iron  bar,  with  which,  in  making 
the  explosion,  the  gun-barrel  was  touched,  was  conducted 
m  like  manner  to  the  station  on  the  New  River  to  the  south- 
ward of  the  house.  The  length  of  this  wire  was  four  fiiriongs, 
.five  chains,  and  two  poles,  or  3003  feet.  The  length  of  both 
wires,  exdusive  of  their  turnings  round  the  sticks,  was  one 
mile,  one  chain,  and  two  poles,  or  5379  feet. 

At  this  distance  the  genUemen  proposed  to  try,  first, 
whether  the  electrical  commotion  was  perceptible,  if  both  the 
observers,  supported  by  originally-electrics,  touched  the  am- 
.ducting  wire  with  one  hand,  and  the  water  of  the  New  River 
with  an  iron  rod  held  in  the  other? 

;    Several  explosions  were  made  with  the  observers  touchii^ 
the  water,  and  standing  on  wax,  with  their  iron  rods  in  the 
,water ;  when  the  observers  at  both  stations  felt  the  electrical 
.  .shock. 

By  the  experiments  of  this  day,  the  gentlemen  were  satis- 
.fied  that  the  dry  gravelly  ground  conducted  the  electricity  as 
strongly  as  water ;  which,  though  otherwise  at  first  con- 
jectured, they  now  found  not  to  be  necessary  to  convey  that 
power  to  great  distances ;  as  well  as  that,  from  difference  of 
distance  only,  the  force  of  the  electrical  commotion  was  very 
little  if  at  aU  impaired. 

From  the  shocks  which  the  gentlemen  received  in  their 
bodies,  when  the  electrical  power  was  conducted  on  dry 
sticks,  they  were  of  opinion,  that  from  difference  of  distance 
simply  considered,  as  far  as  they  had  yet  experienced,  the 
force  was  very  litde  if  at  all  impaired.  When  they  stood  on 
originally-electrics,  and  touched  the  water  or  ground  with  an 
iron  rod,  the  electrical  commotion  was  idwtffa  felt  in  their 
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atrms  and  wrists ;  when  they  stood  on  the  ground^  and  touched 
either  the  water  or  ground  with  their  iron  rods,  diey  felt  the 
shock  in  their  elhows,  wrists,  and  ankles ;  when  they  stood  on 
the  ground  without  the  rod,  the  shock  was  always  in  the  el-. 
bow  and  wrist  of  that  hand  which  held  the  conducting  wire^ 
and  in  both  ankles.  The  observers  here  being  sensible  of  the 
dectrical  commotion  in  different  parts  of  their  bodies,  was 
cnnng  in  the  first  instance  to  the  whole  of  it  passing,  because 
the  observer  stood  on  wax,  throu^  their  arms,  and  through 
the  iron  rod ;  in  the  second,  when  they  stood  on  the  groui^ 
the  electricity  passed  both  through  their  legs  and  through 
the  iron ;  in  the  third,  when  they  stood  on  the  ground  without 
either  wax  or  rod,  the  electricity  directed  its  .way  through 
one  arm,  and  through  both  legs  to  complete  the  circuit. 

The  gentlemen  were  desirous  of  closing  the  present  en- 
quiry, by  examining  not  only  whether  the  electrical  com*, 
moticms  were  perceptible  at  double  the  distance  of  the  last 
experiments  in  ground  perfectly  dry,  and  where  no  water  was 
hear ;  but  also,  if  possible,  to  distinguish  the  respective  ve- 
lodties  of  electricity  and  sound.  Shooter's  Hill  was  choseiH- 
as  the  most  convenient  place.  As,  only  one  showar  of  "rain> 
had  &llen  during  the  precedii%  five  weeks,  the  ground  could- 
not  but  be  very  dry  ;  and  as  no  water  was  near,  if  the  elec- 
trical commotion  was  felt  by  the  observers  at:  the  stations,  it 
might  be  safely  concluded,  that  water  had  no  share  m  con* 
ducting  it. 

Accordingly,  August  14?.  1747,  they  met  at  Shooter's  Hill 
for  this  purpose.  It  was  here  determined  to  make  12  en* 
plosions  of  the  coated  phial,  with  an  observer  placed  at  the 
seven-mile  stone,  and  another  at  the  nine-mile  stone,  both 
standing  on  wax,  and  touching  tiie  'ground  with  an  iron  rod^ 
This  number  of  explosions  was  thought  the  more  necessary, 
as  the  observers  at  these  stations  were  not  only  to  examme 
whether  the  electricity  would  be  propagated  to  so  great  a 
distance,  but  if  it  were,  the  observer  at  the  seven-mile  stone 
was  by  a  second  watch  to  take  notice  of  the  time  lapsed  be* 
tween  feeling  the  electi4cal  commotion,  and  hearing  the  re-r 
port  of  a  gun  fired  near  the  machine^  as  dose  as  might  be  to 
the  instant  of  making  the  explosion ;  and,  therrfore,  to  ex<« 
amine  this  matter  widi  the  requisite  exactness,  this  n^mb^r 
of  explosions  should  be  made. 

To  execute  this,  the  electrifying  machine  was  placed  up 

'  one  pair  of  stairs  in  a  house  on  the  west  side  of  Shooter  s 

HilV  an4  a  wire  iripm  the  ohort  itoii  rod,  with  which  th<s  guiir 
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barrel  was  touched  in  making  the  explosions,  was  conducted 
on  dry  sticks  as  before  into  a  field  near  the  seven-mile  stone. 
The  length  of  this  wire,  exclusive  of  its  turnings  round  the 
sticks,  was  a  mile,  a  quarter,  and  eight  poles,  or  6732  feet. 
In  great  part  of  this  space  it  was  found  very  difficult  to  sup- 
port the  wire,  on  account  of  theu-  scarcely  bemg  able  to  fix  the 
slicks  in  the  strong  gravel  there  almost  without  any  cover  of 
soil ;  nor  could  the  wire  in  some  places  be  prevented  firom 
touching  die  brambles  and  bushes,  nor  in  one  field  the  ripe 
barley. 

Another  wire  was  likewise  conducted  on  sticks  firom  the 
coated  phial  to  the  nine-mile  stone.  In  this  spaced  the  soU 
being  a  strong  clapr,  the  wire  yms  very  well  secured,  and  in 
its  whole  len^  did  not  touch  the  bushes.  The  length  of 
this  wire  was  3868  feet.  As  much  as  the  place,  where  the 
observers  were  stationed  in  a  corn-field,  was  nearer  the  ma* 
diine  than  the  seven-mile  stone,  so  much  were  the  other 
observers  placed  beyond  the  nine-mile  stone,  that  their  dis- 
tance  fit)m  each  other  might  be  two  miles.  The  40  feet  of 
wire  in  these  two  measures  exceeding  two  miles,  was  what 
connected  the  short  iron  rod  before  mentioned^  and  the 
coated  phial,  with  their  respective  conducting  wires. 

The  observers  being  placed  at  their  respective  stations,  the 
.observer  at  the  machine  proceeded  in  making  the  explosions 
of  tlie  cdated  phid ;  by  wbidti  the  observers  at  the  nme-mile 
stone  were  very  strongly  shocked ;  and  they  were  also  felt  at. 
the  seven-mile  stone.  This  demonstrated  that  the  circuit 
here  formed  by  the  electricity  was  four  miles,  viz.  two  miles 
of  wire,  and  two  miles  of  ground,  the  space  between  the  ex- 
tremities of  that  wre*  A  distance  without  trial  too  great  to 
be  credited!  how  much  fiurther  the  eloctrioal  commotion 
will  be  perceptible^  future  observations  can  only  determine* 

The  electncal  commotion  by  the  observers  near  the  seven*, 
mile  stone  was  but  slightly  felt;  nor  could  it  be  otherwise 
expected,  the  wire  in  many  parts  of  its  length  touching,  as 
was  before  mentioned,  the  moist  vegetables ;  which,  in  as 
many  places  as  Uiey  were  touchedi  formed  subcnrcUnate  circuits. 
We  find,  in  all  oth^  instances,  that  the  whole  Quantity  of 
electricity,  accumulated  in  the  coated  phial,  is  felt  equally 
through  the  whole  circuit,  when  overy  part  is  in  a  greal 
degree  non-electric;  so  here  the  whole  quantity,  or  nearly 
so,  determined  that  way,  was  felt  by  the  observers,  at  the 
nine-mile  stone ;  wliile  those  at  tiie  other  station  felt  so  much 
of  ibw  quantity  only  as  c^  not  go  through  the  vegetables ; 
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that  is,  that  proportion  only  in  which  iron  is  a  greater  non- 
electric than  the  xegetables. 

Though  the  clerical  conunotions,  felt  by  the  observers 
near  the  seven*mile  stone,  were  not  strong,  they  were 
equally  condusiyie  ui  showing  the  difference  between  the 
respective  velocities  of  electriaty  and  sound. 

The  length  of  the  conducting  wire  from  the  machine  to 
the  observers  near  the  seven-miHe  stone  was  6732  feet ;  the 
length  of  that  to  the  nine-mile  stone,  S866  feet.  The  first 
of  Siese  measures  only  was  made  use  of  in  the  present  oper* 
aiions  concerning  the  velocity  of  electricity.  In  12  di»- 
dbarges  of  the  coated  phial,  wmch  were  felt  by  the  observers 
near  the  seven-mile  stone,  and  who,  by  a  second  watch  of 
Mr.  Graham's,  measured  the  time  between  feeling  the  elec^ 
trical  commotion  and  hearing  the  report  of  the  gun,  with  the 
utmost  attention  and  exactness,  was  at  a  medium  5^  seconds* 
And  as  the  gun  was  distant  from  these  observers  67S2  lee^ 
it  follows,  from  the  experiments,  which  have  been  made  <m 
the  velocity  of  sound,  that  the  real  instant  of  the  discharge 
of  the  gun  preceded  that  of  the  observers  hearing  its  report, 
dA  tills  time,  when  the  strength  of  the  wind  was  not  so  great 
aa  to  enter  into  the  computatioQ,  6-]%V)f''  >  ^^  preceded  the 
instant  when  the  electriod  commotion  was  felt  only  C^f^"* 
But  this  instant  was,  from  the  nature  of  the  experiment, 
necessarily  pior  to  that  of  the  electrical  explosion,  which  was 
not  made  till  the  fire  of  the  gua  was  actually  seen ;  and 
therefore  the  time  between  the  making  of  that  explosion  and 
its  being  actudly  felt  by  the  observer,  which  must  have  been 
less  thaur  0^\"f  was  really  so  small,  as  not  to  fall  under 
any  certain  observation,  when  it  is  to  be  distinguished  from 
that  which  must  of  necessity  be  lost,  between  the  firing  of 
the  gun  and  the  electrical  explosion  itself. 

Ine  gentlemto  concerned  were  still  desirous,  if  possibly, 
of  ascertaining  the  Solute  velocity  of  electricity  at  a  certain 
distance ;  because,  diough  last  year  in  measuring  the  re- 
flective velocities  of  electricity  and  sound,  the  time  of  its 
progress  was  found  to  be  very  little,  yet  the^  were  desirous 
of  Imowkig,  small  as  that  time  was,  whether  it  was  measure- 
aUe ;  and  Mr*  W.  had  thought  of  another  method  for  this 
pinpose. 

Accordingly,  Aug.  5.  1748,  there  met  at  Shooter's  Hill 
for  this  purpose  the  President  of  the  Royal  Society  and 
several  other  gentiemen ;  when  it  was  agreed  to  make  the 
dectrical  dieuit  of  two  milies,  in  the  middle  of  which  an 
pbper^er  was  to  take  in  each  hand  one  of  tihe  ex^emities  of 
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a  wire,  which  was  a  mile  in  length.  These  wires  were  to  be' 
so  disposed  that,  this  observer  being  placed  on  the  floor  of 
the  room  near  the  electrifying  machine,  the  other  observers 
might  be  able  in  the  same  view  to  see  die  explosion  of  the 
diarged  phial  and  the  observer  holding  the  wires,  and  m^ht 
take  notice  of  the  time  lapsed  between  the  discharging  the 
phial  and  the  convulsive  motions  of  the  arms  of  the  observer 
m  consequence  of  it ;  as  this  time  would  show  the  velocity 
of  electricity,  through  a  space  equal  to  the  length  of  the  wire 
between  the  coated  phial  and  this  observer. 
"  When  all  parts  of  the  apparatus  were  properly  disposed, 
several  explosions  of  the  charged  phial  were  made  ;  and  it  was 
invariably  seen,  that  the  observer,  holding  in  each  hand  one 
of  the  extremities  of  these  wires,  was  convulsed  in  both  his 
arms  in  the  instant  of  making  the  explosions.  Instead  of 
one,  four  men  were  then  placed  holding  each  other  by  the 
hand  near  the  machine,  the  first  of  which  held  in^  his  right 
hand  one  extremity  of  the  wire,  and  the  last  man  the  odier 
in  his  left.  They  were  all  seen  convulsed  in  the  instant  of 
the  explosion.  Every  one  who  felt  it  complained  of  the 
severi^  of  the  shocl^  It  was  then  tried  whether,  as  the^ 
ground  was  wet,  if  the  explosion  was  made  with  the  observer* 
holding  the  extremity  of  each  wire  standing  on  the  ground 
near  the  window  of  tne  house,  any  di£Serence  would  arise  in 
the  success  of  the  experiment :  no  difference  was  foimd,  the 
observer  being  shocked  in  the  instant  of  the  exjdosion  as 
before  in  both  his  arms,  and  across  his  breaist.  On  these 
considerations  they  were  fully  satisfied,  that  through  the 
whole  length  of  this  wire,  being  12,276  feet,  the  veloci^  of 
electricity  was  instantaneous. 


C^  the  GUmt0*  Causeway  in  IreUtni^    By  the  Sev.  Miceamd 
>Ppcoczj^  ZZ.2)— [1747-8.]  ^ 

The  sea-clifib  are  very  high  in  the  vicinity,  but  what  is  caUed 
the  Causeway  is  a  low  he^  extending  irom  the  foot  of  the 
difk  into  the  sea  like  a  mole*  This  head  does  not  appear  at 
first  so  grand  as  it  is  represented  in  the  views  eneraved  of  it; 
but  when  one  comes  to  walk  upon  it,  and  consider  it  more 
attentively,  it  appears  to  be  a  stupendous  production  of 
nature.  The  head  ends  in  two  points :  Dr.  P.  measured  4he 
more  western  to  the  distance  of  360  feet  from  the  cliff,  and 
it  appeared  to  extend  about  60  feet  farther,  which  he  could 
not  measure,  as  the  sea  was  then  high ;  and  at  low  tid^s  it 
might  be  seen  about  60  feet  yet  farther,  on  a^  descent  kning 
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ilseif  in  the  sea.  He  filso 'measured  the  more  eastern  point 
540  feet  from  the  clif^  and  saw  about  as  much  more  of  it  b» 
of  the  other,  when  it  winds  about  to  the  eastward,  and  is  also 
lost  in  the  water.  One  may  walk  on  this  head  on  the  tops  of 
the  pillars  to  the  edge  of  the  water.  These  pillars  are  of  all 
angular  shapes,  from  three  sides  to  eight.  The  easters^' 
pofait,  towards  that  end  where  it  joins  the  rocks,  terminates 
for  some  way  in  a  perpendicular  cliff,  formed  by  the  upright 
sides  of  the  pillars,  some  of  which  he  measured,  and  found  to 
be  33  feet  four  inches  in  height.  They  say  there  are  in  all 
74  different  sorts  of  figures  among  them.  Each  pillar  consists 
of  several  joints  or  stones  lying  one  upon  another,  from  sik 
inches  to  about  a  foot  in  thickness :  some  of  these  joints  are 
ilB  the  middle  so  convex,  as  for  those  prominences  to  be 
nearly  quarters  of  spheres,  round  each  of  which  is  a  ledge,^ 
on  which  the  stones  above  them  have  rested,  every  stone 
being  concave  on  the  under  side;  and  fitting  in  the  exactesti 
manner  on  that  which  lies  next  below  it.  The  pillars  are 
from  one  to  two  feet  in  diameter,  and  consbt  most  commonly 
of  about  40  joints,  most  of  which  separate  very  easily,  though 
some  othersj  which  are  more  deeply  indented  into  each 
oth^r,  cohere  strongly  enough  to  bear  bemg  taken  away  in 
{Murs. « 

But  the  Causeway  is  not,  he  thinks,  the  most  singular  part 
of  this  extraordinary  curiosity,  the  appearance  of  the  cli£& 
themselves  bein^  yet  more  surprising :  these  and  their  seyeral^ 
strata  he  exammed  from  the  rocks  on  the  other  side  of  a 
little  bay,  about  half  a  mile  to  the  east  of  the  Causeway.  He 
thence  observed,  that  there  runs  all  the  way  a  stratum  front 
the  bottom,  of  black  stone,  to  the  height  of  about  60  feet, 
divided  perpendicularly  at  unequal  distances  by  stripes  of  a 
reddish  stone,  looking  like  cement,  and  about  four  or  five 
inohes  in  thicfkncss*  On  this  there  is  another  stratum  of  the 
same  black  stone,  divided  from  it  by  a  stratum  five  mcheff 
thick  of  the  zed*  Over  this  another  stratum  of  ston^  10  feet 
tiiick,  dividedin  the  same  manner ;  then  a  stratum  of  the  red 
stone  20  feet  deep ;  aild  above  ^at  a  stratum  of  upright 
pillars.  Above  these  pillars  lies  another  stratum  of  black 
stone  20  feet  high ;  and  above  this  is  again  another  stratum 
of  upri^t  pillars  rising  in  some  places  to  ^e  top  of  the  cliffs, 
in  others  not  so  high^  and  in  others  again  alK>ve  it,  where! 
they  are  called  the  Chimneys. 

This  face  of  the  cliffs  reaches  for  two  computed  miles  east 
from  the  Causeway,  that  is  about  three  measured  English 
miles^  to  twro  miles  west  of  Balintoy.     The  upper  pillars  seem 
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to  end  over  the  Causeway,  and  he  thinks  become  shorter  ancT 
shorter  as  one  goes  from  it,  lying  between  two  binds  of  stone 
Mke  seams  of  coal,  and  like  those  little  pillars  found  in  Derby* 
shire.  These  iMnds  probably  meet  together  all  round,  and 
inclose  this  extraordinary  work  aC  nature ;  and  if  go,  the 
pillars  must  be  very  short  towards  the  extremities. 

When  on  the  Causew^,  he  saw  in  the  cliff,  to  the  south- 
east, what  they  call  the  Organs,  about  a  quarter  of  a  mile  off, 
and  a  third  part  of  the  way  up  the  din.  They  appeared 
small,  and  somewhat  like  black  stalactites :  they  were  not 
commonly  known  to  be  such  pillars  as  the  others ;  but  they 
are  so,  and  belong  to  the  lower  stratum.  When  with  great 
difficulty  he  climbed  up  the  steep  hill  tto  tliem,  Jie  found  they 
were  hexagonal,  and  larger  pillars  tfian  most  of  the  others^ 
being  about  two  feet  in  diameter ;  and  he  measured  five  sid€» 
of  one  of  them,  which  were  of  13,  15,  12,  21,  and  16  inches 
respectively.  The  joints  he  could  come  at  were  about  nine 
inches  thick^  and  each  pillar  consisted  of  between  40  or  50  of 
them :  these  joints  are  almost  flat  and  plain,  the  convexities 
on  their  upper  faces  being  so  small  as  to  be  scarcely 
discernible.  He  enquired  whether  any  of  these  pillars' were 
found  in  the  quarries  within  land,  and  the  people  there  told 
him  they  were  not ;  but  he  has  since  been  assured  by  others^ 
that  there  are  some  found  two  or  three  miles  from  the  shcnre. 


On  the  Everlasting  Fir^  in  Persia.  By  Dr.  James  MouNSJSYm 
As  the  natural  history  of  Persia  is  but  little  known,  and  the 
authors  of  the  Universsd  History  have  given  no  true  account 
of  the  everlasting  sacred  fire  which  the  Gauera  worship. 
Dr.  M.  gives  the  following  description  of  it :  — 

This  perpetual  fire  rises  out  <»  the  ground  in  the  peninsula 
of  Absdieron,  about  20  miles  from  Baku,  and  three  miles 
from  the  Caspian  shore,  v  The  ground  is  very  rocky,  .but  has 
a  shallow  covering  of  earth  over  it.  If  a  little  of  the  surface 
be  scraped  off,  and  fire  be  applied  to  the  hollow,  it  catches 
immediately,  and  bums  without  intermission,  and  almost 
without  consiimption ;  nor  is  ever  extinguished,  unless  some 
cold  earth  be  thrown  over  it,  by  which  it  is  easily  put  out. 

There  is  a  spot  of  ground,  about  two  English  nules  broad» 
which  has  this  very  wonderful  property ;  and  here  is  a  cara- 
vansary, round  which  are  many  places  where  the  earth  con-i 
tinuaUy  burns ;  but  the  most  remarkable  is  a  hole  about  four 
feet  deep,  and  14  feet  in  diameter.  In  this  caravansary 
Uve  12  Indian  priests,  and  other  devotees,  (who^^worahip. 
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Ihe  fite,  which,  according  to  their  traditions,  has  burnt  many 
thousand  years.  It  is  a  very  old  vaulted  building,  and  in  its 
wails  are  a  great  many  chinks,  to  which,  if  a  candle  be  ap- 
plied, the  fire  catches  instantaneously,  and  runs  instantly 
wherever  the  chinks  communicate ;  but  it  may  be  easily  ex- 
tinguished. They  have  hollow  places  in  the  house  fitted  to 
their  pots»  which  they  boil  without  any  other  fuel ;  and  instead 
of  candles  they  stick  reeds  into  the  ground ;  firom  the  tops  of 
which,  on  applying  fire  to  them,  a  white  flame  immediately 
comes  forth,  and  continues  to  bum  without  consuming  the 
reeds,  till  they  think  proper  to  extinguish  it,  by  putting  little 
covers  over  them  for  that  purpose. 

About  an  English  mile  and  a  half  from  this  place  there  arie 
wells  of  white  naphtha,  which  is  exceedingly  inflammable ; 
and  though  the  flame  of  naphtha  affords  both  smoke  and 
smell,  it  is  highly  probable  the  perpetual  fire  just  described 
b  owing  to  naphtha,  but  so  purmed,  in  filtering  through  the 
stone,  that  it  becomes  divested  of  all  such  particles  as  produce 
smoke  or  smell.  The  stone  and  earth  are  grey  in  colour, 
and  saltish  to  the  taste  ;  and  indeed  much  salt  is  fou^d  on 
this  peninsula  of  Abscheron.  There  is  also  a  salt  lake,  near 
the  side  6f  which  the  white  naphtha  flows  by  five  different 
springs.  This  naphtha  is  made  use  of  only'  for  medicinal 
purposes.  It  is  yellowish  from  the  spring,  but  wh^i  distilled  re- 
sembles spirits  of  wine.  They  give  it  internally  for  gonorrhceas, 
disorders  of  the  breast,  and  for  the  stone,  and  they  apply  it 
externally  in  gouty  cases,  and  contractions  of  the  sinews. 
Black  naphtha  is  produced  eight  or  nine  miles  from  the 
perpetual  fire :  it  is  thick,  and  being  distilled  becomes  not  dear^ 
but  yellow.  The  best,  and  greatest  plenty,  is  at  Balachame> 
where  there  are  above  50  springs,  the  greatest  producing 
every  day  500  batman,  each  batman  containing  ten  Rus«i 
pounds,  which  are  somewhat  less  than  English  weight. 

Qf  the  Locusts,  which  did  vast  Damage  in  WafkuJUoy  ^<>^ 

daioiay  and  Transilvania,  in  174*7-r8* 
•  TflE  first  swarms  entered  into  Transilvania  in  August,  1747 ; 
these  were  succeeded  by  others,  which  were  so  surprisingly 
numerous,  that  when  they  reached  the  Red  Tower,  they 
were  full  four  hours  in  their  passage  over  that  place ;  and 
diey  flew  so  close,  that  they  made  a  sort  of  noise  in  the  air, 
by  the  beating  of  their  wingia  against  each  other.  The  width 
of  the  swarm  was  some  hundreds  of  fathoms,  and  its  height 
or  density  may  be  easily  imagined  to  be  more  considerable, 
inasmuch  as  they  hid  the  sun,  and  darkened  the  sky,  even  to 
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Iliat  degree,  when  they  flew  low,  that  people  could  not  Ino\i^ 
(Mie  another  at  the  distance  of  ^  paces.  But  as  they  were 
to  fly  over  a  rirei  that  rung  in  the  vallies  of  ike  Red  Tower, 
and  could  find  neither  resting-place  nor  food ;  being  at  length 
tired  with  their  flight,  one  part  of  them  lighted  on  the 
tmripe  com  on  this  side  of  the  Red  Tower,  such  as  millet, 
Turkish  wheat,  &c. ;  another  part  pitched  on  a  low  wood : 
where  having  miseral>ly  wasted  the  produce  of  the  land,  they 
continued  their  journey,  as  if  a  signal  had  been  actually  given 
lor  a  march.  The  guards  of  the  Red  Tower  attempted  to 
»top  their  irruption  into  Transilvania  by  firing  at  them ;  and 
indeed  where  the  balls  and  shot  swept  through  the  swarm^ 
they  gave  way  and  divided ;  but,  havmg  filled  up  their  ranks 
in  a  moment,  they  proceeded  on  their  journey. 

Wherever  those  swarms  happened  to  pitch,  they  spared  no 
sort  o£  vegetable;  they  ate  up  the  young  com,  and  the  veiy 
grass  ;  but  nothing  was  more  dismal  to  l^hold  than  the  lands 
in  which  they  were  hatched ;  fi>r  they  so  greedily  devoured 
every  green  thing  there,  before  they  could  fly,  that  they  leflt 
die  ground  quite  bare. 


On  the  LactynuB  BaktvioB,  or  Glass  Drops.  By  Claud*  Nic^ 
LB  Cat,  M. p.  F.  R.  S.  —  [1749.] 

The  glass-tear,  or  drop,  commonly  called  lacrymaBatavic% 
or  lacryma  Borussica,  because  it  was  first  made  in  tfaeset 
countries,  is  much  celebrated  among  natural  philosophers,  on 
account  of  the  singular  phenomena  which  it  exliU>its,  and 
which  have  for  a  long  time  exercised  their  sagacity.  The. 
make  of  this  drop  is  as  simple  as  its  Explanation  is  difficult. 
It  is  the  work  of  the  meanest  workmen  in  a  glass-house.  On 
the  top  of  an  iron  rod  they  take  up  a  small  quantity  of  the 
matter  of  glass  in  fusion  :  they  let  it  drop  into  a  pail  of  water: 
the  drop  makes  that  part  of  the  water  which  it  touches  tp  boil 
with  a  hissing  noise,  as  red-hot  iron  does,  which  it  resembles 
in  that  instant ;  and  when  it  does  not  hresik  in  this  operation^ 
as  it  most  frequently  does,  it  forms  a  little  pyramidal  ioa&s» 
which  is  kno\)Qi  by  the  name  of  a  glass-drop. 

The  drop  is  of  such  hardness  and  resist^^ce,  that  U  bears- 
smart  blows  of  a  hammer,  without  breaking.  Yet  if  yoa 
^rind  the  surface  of  this  drop  which  re9i|9ted  the  hammer^  or 
if  you  only  break  the  tip  of  the  small  end  or  tail,  the  whole 
shatters  into  powder.  This  shattering  of  the  drops  is  at<» 
tended  with  a  loud  report ;  and  the  dust  or  powder,  to  which 
It  is  reduced,  is  extensively  scattered  all  around.  If  the  Arop  b& 
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ground  with  powder  of  emery,  imbibed  with  oil,  it  often  e8*> 
capes  breaking.  If  this  experiment  be  made  in  the  air*pump^ 
the)  drop  busts  with  greater  impetuoiBty,  so  as  sometimes  to 
br^  the  receiver ;  and  its  dust  is  finer  tl^an  when  done  in 
the  open  air ;  and  if  it  be  made  in  the  dark,  the  drop  in  bursts 
ing  produce  a  small  light.  If  this  drop  be  annealed  in  the 
fire  It  looses  all  these  singularities ;  and  being  reduced  to  the 
state  of  common  glass,  it  easily  breaks  under  the  '  hammer ; 
and  does  not  burst  on  breaking  the  small  end.  The  drops 
that  are  made  by  letting  them  cool  in  the  air  produce  no 
other  effects  than  those  which  have  been  annealed. 

The  first  natural  philosophers  who  endeavoured  to  inves- 
tigate the  cause  of  this  phenomena,  imagined  that  they  found 
it  in  the  sur.  Some  or  them  supposed,  that  this  air  was  shut 
up  in  the  drop  by  the  crust  which  the  cold  water  forms  on  its 
surface  while  it  is  yet  red-hot ;  and  attributed  its  rupture  to  the 
violence  with  which  this  air  issued  through  the  too  narrow  pas- 
sage made  for  it,  in  breaking  the  small  end  of  the  drop. 
OUiers  maintained,  on  the  contrary,  that  the  drop,  in  this 
state,  contained  no  air  at  all,  nor  any  thing  but  particles  of 
fire,  or  subtile  matter ;  in  short,  a  mere  vacuum  as  to  air ;  and 
that  the  sudden  bursting  of  the  drop  was  occasioned  by  the 
impetuous  entry  of  the  air  into  this  kind  of  vacuum. 

it  is  among  me  glass-workers,  and  in  their  art,  that  the 
secret  of  the  glass-drop  is  to  be  sought ;  and  there  it  is  that 
he  discovered  it.  Those  who  have  seen  glass-houses  know^ 
tliat  when  a  piece  fails  in  the  hands  of  a  workman,  he  throws 
it  aside ;  and  this  piece  is  not  long  exposed  to  the  air  before 
it  breaks  in  pieces ;  and  when  the  same  workman  has  suc- 
ceeded in  making  a  piece,  and  is  willing  to  preserve  it,  he  takes 
great  care  not  to  let  it  cool  in  the  air ;  but  carries  it  hot  into 
another  oven  of  a  moderate  heat,  where  he  leaves  it  for  a 
certain  time ;  and  this  last  operation  is  called  annealing  th^ 


A  natural  philosopher  who  is  witness  tb  this  managment, 
ought  to  enquve  into  the  reasons  and  necessity  of  it.  How 
comes  it  that  the  glass  which  cools  in  the  air  breaks,  and  when 
it  has  been  annealed,  it  does  not  break  ?  This  is  the  reason. 
Abit  of  melted  fflass,  red-hot  and  liauid  at  the  same  time,  is  in 
that  state,  purely  because  its  particles  are  divided  by  fire,  or 
BO  violently  agitated,  tiiat  these  component  parts  of  the  glass 
hardly  touch  each  odier.  x 

When  this  substance  is  exposed  to  the  ab,  the  coolness 
of  this  fluid,  which  touches  itts  silr&ce  of  the  glass,  cools  that 
surface  first;  that  is,  brings  the  particles  nearer  together, 
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braces  their  pores,  and  thus  imprisons  the  crystals,  which  stiU 
fill  the  inside  of  this  substance.  While  these  fired  particles 
find  pores  enough  on  the  surface  to  move  freely,  the  glass  con*> 
tinues  whole ;  but  when  the  glass  grows  colder,  that  is,  when 
the  pores  of  its  sur&ce  begin  to  confine  these  fired  particle^ 
then  their  whole  action  is  exerted  against  the  parts  of  the  glass, 
^hich  they  break  into  a  thousand  piecesv 


Letter  from  Leoijard  EuLBRy  Prof,  McUh.  at  Berlin^  andF,R.S. 
concerning  the  gradual  Approach  of  the  Earth  to  the  Sun. 

M.  LE  MoNNiER  writes  to  me,  that  there  is  at  Leyden  an 
Arabic  manuscript  of  Ibn  Jounis,  which  contains  a  history  of 
astronomical  observations.  I  am  very  impatient  to  see  such 
A  work  which  contains  observations  that  are  not  so  old  as 
those  recorded  by  Ptolemy.  For  having  carefully  examined 
the  modem  observations  of  the  sun  with  those  of  some  cen- 
turies past,  though  I  have  not  gone  farther  back  than  the  15th 
century,  in  which  I  have  found  Walther*s  observations  made 
at  Nuremberg,  yet  I  have  observed  that  the  motion  of  the  sud^ 
or  of  the  earth,  is  sensibly  accelerated  since  that  time,  so 
that  the  3rears  are  shorter  at  present  than  formerljr ;  the  rea- 
son of  which  is  very  natural :  for  if  the  earth,  in  its  motion', 
suffers  some  little  resistance,  which  cannot  be  doubted,  the 
effect  of  this  resistance  will  gradually  bring  the  planets  nearer 
and  nearer  the  sun  ;  and  as  uieir  orbits  thus  become  less,  their 
periodical  times  will  also  be  diminished.  Tlius  in  time  the  earth 
ought  to  come  within  the  region  of  Venus,  and  at  last  mto 
that  of  Mercury,  where  it  woiild  necessarily  be  burnt.  Hence 
it  is  manifest  that  the  system  of  the  planets  cannot  last  for 
ever  in  its  present  state.  It  also  incontestably  follows,  that 
this  system  must  have  had  a  beginning :  for  whoever  denies  it 
must  grant  that  there  was  a  time  when  the  earth  was  at  th6 
distance  of  Saturn,  and  evi^  farther,  and,  consequently,  that 
no  living  creature  could  subsist  there. 


Jjetter  from  Mr,  Pr^euor  Eulbr  coneeming  the  Contraetion 
of  the  Ortnts  of  the  Planets.-^  [1750.] 

I  AM  Still  thoroughly  convinced  of  the  truth  of  what  I  ad» 
vanced,  that  the  orbs  of  the  planets  continue  to  be  contracted* 
tfad,  consequently,  their  periodical  times  grow  shorter. 

The  late  Dr.  Halley  had  also  remarked,  that  the  revolu* 
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tions  of  the  moon  are  quicker  at  present  than  they  were  in 
die  time  of  the  ancient  Chaldeans,  who  have  left  us  some 
observations  of  ecHpses.  But  as  we  measure  the  length  of 
years  by  the  number  of  days,  and  parts  of  a  day,  which  are 
contained  in  each  of  them,  it  is  a  new  question,  whether  the 
days,  or  the  revolutions  of  the  earth  round  its  axis,  have 
always  been  of  the  same  length. 

At  present  we  measure  the  duration  of  a  day  by  the  number 
of  oscillations  which  a  pendulum  of  a  given  length  makes  in 
this  space  of  tune.  But  even  though  the  ancients  had  ac- 
tually made  such  experiments,  we  could  draw  no  inference^ 
.from  them,  without  supposing,  that  gravity,  on  which  the  time 
of  an  osciUation  depends,  has  always  been  of  the  same  force ; 
4>ut  who  will  ever  be  in  a  condition  to  prove  this  invariability 
in  ^vity  ?  Thus,  even  supposing  that  the  days  had  sufiered 
considerable  changes,  and  that  gravity  had  been  altered 
suitably  to  them,  so  that  the  same  pendulum  had  always  com* 
pleted  the  same  number  of  vibrations  in  a  day,  it  would^ 
nevertheless,  be  still  impossible  for  us  to  perceive  this  in* 
equality  were  it  ever  so  great.  And  yet  I  have  6ome  reasons^ 
deduced  from  Jupiter's  action  on  the  earth,  to  think,  that  the 
earth's  revolution  round  its  axis  continually  becomes  more 
and  more  rapid. 


New  Discoveries  rektHng  to  the  Hisfyyry  of  Coral    By  ' 

Dr.  VlTALlANO  DoNATI.'^inSl.'] 

Coral  is  a  marine  vegetation,  in  shape  nearly  resembling 
a  shrub  stripped  of  its  leaves.  It  has  no  roots,  but  is  supr 
ported  on  a  broad  foot,  or  basis,  which  adapts  itself  like  waX| 
and  sticks  to  any  body  in  all  its  parts,. so  firmly,  that  it  is 
impossible  to  disengage  it.  The  shape  of  this  foot  is  not 
always  the  same ;  but  it  mostly  approaches  to  rotundity. 
its  use  is  to^  hold  the  coral  fixed,  and  support  it ;  not  to 
nourish  it:  since  there  are  found  pieces  of  coral,  with  their 
feet  broken  oflP,  which  nevertheless  continue  to  live,  to  grow, 
and  to  propagate,  at  the  bottom  of  the  sea.  From  this  foot 
arises  a  trunk,  generally  single,  the  greatest  thickness  of 
which  seldom  exceeds  an  inch. 

The  substance  of  the  coral  gives  way  to  the  cellule^  by 
small  cavities  :  vet  these  are  not  very  visible  in  the  old  thick 
branches,  but  they  are  pretty  easily  seen  in  the  young  and 
slender.      Thus  the  cellule  does  not  end  at  the  corallme 
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substance;  since  the  white  pellide  is  between 
it  and  the  said  substance.  The  hollow  of  the 
cellule  grows  narrow  into  a  sort  of  cone,  with'  an 
obtuse  i^x ;  the  belly  of  which  is  greater  in 
diameter  than  the  basis.  The  bottom  of  such  a 
cellule  faces  the^Mt  of  the  coral,  and  its  mouth] 
the  branchy  or  most  distant  part  from  the  foot. 
In  this  cefiule  is  lodged  the  polypus,  whidi  is 
▼isible  to  the  naked  eye,  but  its  exact  shape  is 
only  to  be  seen  by  the  microscope ;  and  it  was  by 
Ibis  means,  that  a  drawing  has  been  made  of  it. 

From  each  cellule  a  white, 
soft,  and  somewhat  transparent 
polypus  comes  forth,  op  ex^ 
tends  itself;  which  in  shape 
Resembles  a  star  with  eight  equal  rays,  nearly  conical,  and 
furnished  with  other  conical  appendices,  a  a,  which  issue  out 
<£  it  on  both  sides.  The  two  rows  of  these  have  their  direct 
tion  nearly  on  the  same  plane.  The  rays  are  somewhat  flat«- 
tened,  a;nd  a  trough  rises  out  of  their  centre^ 
scmiewhat  widened  at  its  beginning,  with  an 
opening  or  great  mouth  at  top,  n.  In  its 
sides  there  are  eight  upright  ridges,  broad 
and  elevated,  and  as  many  wrinkles  or  fur*- 
rows ;  and  each  rayls  inserted  between  every 
two  wrinkles,  a,  a.  This  trough  is  placed 
on  a  smooth  part,  ^,  which  we  may  call  the 
belly  of  the  animal. 

It  is  in  this  position  that  the  polypus  is  , 
seen  the  moment  the  coral  is  drawn  out  of  ^ 
the  sea.    The  polypus,  in  this  contracted 
state,  seen  without  a  microscope,  resembles 
a  drop  of  milk ;  and  this  is  what  tdl  the  good 

coral-fishers  take  for  the  real  milk  of  the 
coral;  the  rather,  because,  by  pressing 
the  bark  of  the  coral  with  the  fingers,  the 
polypus  is  forced  out,  and  in  coming 
forUi  it  always  retains  the  appearance  of 
milk. 

.  While  the  first  cellule  is  shut  up«  or 
the  egg  of  the  coral  is  in  its  substance, 
we  do  not  find  any  one  hard  part  in  it 
Kke  bone  or  marble ;  it  is  all  soft :  but  afterwards,  when  the 
cellule  opens,  we  begin  to  observe  some  hard  lamellae ;  and 
when  it  is  grown  largeTs  and  arrived  at  the  height  of  about  a 
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line  and  a  half,  it  widens  at  bottom  and 
at  the  top,  and  grows  narrower  in  the 
middle,  assuming  the  proper  consist- 
ence and  hardness  of  coral.  And  as 
this  grows,  the  polypi  are  multiplied, 
and  new  brandies  m  coral  are  formed. 
Here  then  we  see  the  vegetation  of 
a  phmt,  and  the  propagation  of  an 
animal. 

7%e  madrepdria  is  entirely  like  the 
coral,  as  to  its  hardness,  which  is  ' 
equal  to  bone  or  marble.  Its  cdour 
is  white,  when  policed.  Its  sur&ce 
is  lightly  wrinlded,  and  die  wrinkles 
run  lengthwise  of  the  brandies.  Its 
inside  is  of  jt  particular  <»rganisation ; 
having  in  the  centre  a  sort  of  cylinder,  which  is  often  pieroed 
throij^h  its  whole  length  by  two^or  three  holes.  From  this 
cylinder  are  detached  sd}out|17^ 
lamins,  whidi  run  to  the  circum- 
ference in  straight  lines. 

In  every  one  of  the  cellules  is 
found  a  polypus  here  represented, 
but  considerably  magnified;  the 
mechaniam  of  which  is  this :  three 
dl&rent  parts,  unlike  each  other, 
ccttnpose  this  animal ;  viz.  the  feet, 
a  troi^h,  and  a  head. 


On  the  Class  of  the  Phoca  MariruB.    By  Jambs  Pabsqns^ 

Aht  the  species  of  phocss,  tliis  tjeing  the  generical  name, 
have  among  them  a  very  great  likeness  to  each  other,  in  the 
shape,  not  only  of  their  heads,  but  also  of  their  bodies  and 
extremities.    They  are  webbed  nearly  alike,  are  alike  reptile,. 
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viviparous,  bringing  forth,  suckling,  and  supporting  their  young 
alike ;  and,  in  fine,  all  have  the  same  title  to  these  appella- 
tions, phocae,  vitulus^marinus,  sea-cow,  sea-lion,  &c.;  and  these 
names  are  vulgarly  giv^i  to  them,  as  their  size  happens  to  be 
greater  or  smaller. 

The  different  species  of  this  class,  or  rather  genus,  of  ani- 
mals, are  distinguishable,  by  their  proportion,  their  size,  as 
to  their  full  growth,  their  teeth,  webbed  feet,  and  whatever 
other  parts  in  some  may  not  be  proper  to  others. 

Their  size,  as  to  the  utmost  growth  of  aii  adult,  is  every  dif- 
ferent. I  have  seen  one  which  was  7^  feet  in  length  ;  and» 
being  very  young,  had  scarcely  any  teeth  at  alL  One  now 
in  London  is  about  three  feet  long,  is  very  thick  in  proportion, 
and  has  a  well-grown  set  of  teetli ;  which,  in  a  great  measure, 
«hows  this  to  be  about  its  full  growth.  The  manati  is  also 
a  phoca,  and  b  one  of  those  species  which  grows  to  a  pro- 
digious size. 

A  governor,  in  the  province  of  Nicaragua,  had  a  young 
manati,  which  was  brought  to  him,  to.be  put  into  the  lake  Gua- 
liaibo,  which  was  near  his  house ;  where  he  was  kept  during 
26  years,  and  was  usually  fed  with  bread,  and  such-like  frag- 
ments of  victuals  as  people  often'feed  fish  with  m  a  fish-pond. 
He  became  so  familiar,  by  being  daily  visited  and  fed  by  the 
family,  that  he  was  said  to  excel  even  the  dolphins,  so  much 
celebrated  by  the  ancients,  for  their  docility  and  tomeness; 
The  domestics  of  this  governor  named  him  Matto ;  and  at 
whatever  time  of  the  day  they  ealled  him  by  that  name,  he 
came  out  of  the  lake,  took  victuals  out  of  tlieir  hands,  crawled 
up  to  the  house  to  feed,  and  played  with  the  servants  and 
children ;  and  sometimes  10  persons  together  would  mount 
upon  his  back,  whom  he  carried  with  great  ease  and  safety 
across  the  lake.  ' 

All  that  is  here  mentioned  of  the  docility  of  the  manati 
does  not  much  surpass  that  of  a  seal  now  in  London^  He  an- 
swers to  the  call  of  his  keeper,  and  is  observant  of  his  com- 
mands ;  takes  meat  from  his  hand,  crawls  out  of  the  water, 
and  stretches  at  full  leu^,  when  he  is  bid ;  and  when  orderec^ 
returns  into  the  water;  and,  in  short,  stretches  out  his  neck  to 
kiss  his  keeper,  as  often  and  as  long  as  required.  These  are 
marks  of  a  tractableness  which  one  could  hardly  expect  from 
animals  whose  mien  and  aspect  promise  little,  and  indeed 
whose  place  of  abode,  being  for  the  most  part  inaccessible, 
prevent  their  being  familiarised  to  any  commerce  with  men, 
except  by  mere  chance. 

The  walrus,  or  mors,  is  another  species  of  phoc%  anddiffers 
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Very  little  in  shape  and  parts  from  the  other  species  of  this 
genus ;  except  Uiat  the  two  canine  teeth  of  the  upper  jaw 
are  of  a  prodigious  size,  like  the  great  teeth  of  an  elephant. 

Letter^  dated  Ma^  2.  1750,  from  Mr,  Freeman  at  Naples, 
relating  to  the  Ruins  of  Herctdaneum,  —  [1751.] 

About  seven  or  eight  years  ago,  the  discovery  of  Hercu* 
laneum  was  much  spoken  of,  which  was  reported  to  have  been 
swallowed  up  by  a  violent  eruption  of  Mount  Vesuvius, 
according  to  the  last  accounts,  in  the  first  year  of  the  reign  of 
Titus,  79  years  after  Christ. 

You  are  first  conducted  down  a  narroiv  passage,  scarcely 
wide  enough  for  two  persons  to  pass ;  and  in  a  gradual  slope, 
to  the  depth  of  about  65  feet  perpendicular.  Here  is  shown 
a  great  part  of  the  ancient  theatre,  a  building  in  the  form  of 
a  horse-shoe.  That  part  where  the  spectators  sat  is  yisible^ 
and  consists  of  18  rows  of  broad  stone  seats,  one  above 
another,  in  a  Semicircular  form«  At  proper  distances  within 
the  circuit  of  the  seats,  through  die  whole  range,  from  bottom 
to  top,  are  little  narrow  flights  of  steps,  by  which  the  spec- 
tators might  come  to  or  go  from  their  seats  commodiously^ 
without  crowding.  These  steps  or  stairs  also  lead  up,  in  a 
straight  line,  to  a  sort-of  gallery,  several  feet  wide,  which 
ranges  all  round  the  outside  of  the  theatre,  and  is  called  th^ 
precinct ;  above  which  there  are  other  stairs,  which  lead  to  a 
i^econd.  By  this  precinct  it  is  judged  that  tfie  theatre,  with 
the  orchestra,  must  be  about  52  or  5S  feet  diameter. 
•  There  is  another  opening,  distant  from  that  which  leads  td 
the  theatre,  by  which  they  have  made  a  way  into  some  houses* 
Here  they  seem  to  have  dug  infinitely  more  than  about  the 
tlieatre  ;  for  one  may  ramble,  as  in  a  labyrinth,  for  at  least 
half  a  mile.  Among  the  things  that  have  been  dug  out  ot 
either  of  the  two  places  are  many  parts  of  broken  liorses,  wiUi 
part  of  a  triumphdi  car  or  chariot,  ail  of  gilt  bronze ;  and  which, 
they  say,  were  placed  over  one  of  the  gates  of  the  theatre. 

Two  equestrian  statues  were  found  on  each  side  of  one 
of  the  said  gates,  and  they 'suppose  fronting  a  street  that  ^led 
to  the  theatre.  One  of  these  statues  cannot  be  repaired; 
tlie  other,  which  happened  to  be  better  preserved,  is  well 
repaired,  and  is  set  ujp  under  the  piazza  m  the  gateway  of  the 
king's  palace  at  Portici. 

Of  busts,  there  are  some  very  beautiful,  as  that  of  Jupiter 
Ammon,  Neptune,  Mercury,  Juno,  Ceres,  PaUas,  &c.  In  the 
apartments  of  the  palace  is  a  vast  number  of  little  statues, 
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many  of  which  are  extremely  beautiful ;  also  a  great  number 
of  little  idols,  tripods,  lachrymatories,  and  many  vases  curl- 
ously  wrought.  Among  these,  is  a  whole  loaf  of  bread  burnt 
to  a  coal ;  which  they  will  not  suffer  any  one  to  touch.  It  is 
covered  with  a  glass  bell,  through  which  are  perceived  letters 
<m.  the  loaf,  which  possibly  were  the  baker's  mark. 

Of  the  pictures,  some  were  taken  out  of  a  temple  near  the 
theatre,  others  from  the  houses.  They  have  all  preserved 
their  colours  to  admiration,  which  are  veir  lively.  They  are 
planted  in  fresco,  and  were  sawed  out  of  the  walls,  widi  mudi 
trouble  and  care ;  and  are  now  fixed  with  binding  mortar,  or 
cement,  in  shallow  wooden  cases  to  prevent  their  breakiniffy 
and  varnished  over  to  preserve  their  colours.  You  must  thidc 
that  these  pictures  are  not  alike  valuable,  otherwise  than  from 
their  antiquity ;  some  doubtless  have  been  done  by  good 
hands,  others  by  bad»  as  one  sees  by  the  works  of  those  now- 
a-d^s. 

Tnere  are  many  baskets  and  cases  full  of  different  thing% 
all  jumbled  together ;  such  as  kitchen  utensils,  locks,  bolts, 
things,  hinges,  and  all  of  brass.  Things  that  were  of  iron, 
were  totalfy  eaten  up  with  rust.  When  the  workmen  came 
to  anj}r'thing  of  that  sort,  it  mouldered  to  dust  as  soon  as  they 
touched  it ;  occasioned,  doubtless,  by  the  dampness  of  the 
eardi,  and  tiie  many  ages  during  which  it  lay  buried.  There 
were  found  many  vases,  and  crystal  bottles  full  of  water ;  but 
that  might  penetrate  through  the  earth  and  fall  into  them.  If 
not  close  stopped :  also  a  sort  of  standish  or  inkhom,  in  which 
were  found  many  stylets  or  pens,  with  which  they  wrote  in 
those  days.  •  When  it  was  first  taken  out,  they  say,  the  ink 
had  not  only  its  natural  colour,  but  that  it  was  yet  capable  of 
tinging :  it  is  very  dry  now.  >  There  were  eggs  found  quite 
whole,  but  empty ;  also  nuts  and  almonds ;  grain  of  several 
sorts,  beans  and  peas,  burnt  quite  black.  IV&ny  other  sorta 
0f  fruit  were  foimd  burnt  quite  to  a  coal,  but  whole. 

Mr.  F.  declares  that  he  cannot  be  of  the  opinion  of  soine, 
who  assert  that  this  city  was  suddenly  swallowed  up,  which 
implies  that  the  earth  must  have  opened,  and  formed  a  pit  to 
receive  it.  His  opinion  is,  that  it  was  overwhelmed  with  the 
matter  issuing  from  the  mountain,  at  the  time  of  the  irruption ; 
because  most  things  were  found  uprieht,  chiefly  the  buildings. 

The  appearance  of  this  city  would  greatly  disappomt  such 
as  should  have  raised  their  expectation  to  see  in  it  spacious 
streets  and  fronts  of  houses  $  n)r  they  would  find  nothing  but 
long  narrow  passages,  just  high  enough  to  walk  upright  in, 
with  a  basket  on  the  head ;  and  wide  enough  for  the  work 
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then  to  pass  each  other,  with  the  dirt  they  dig  out  There 
is  a  vast  number  of  these  passages,  cut  one  out  of  another ; 
80  that  one  might  perhaps  walk  the  space  of  two  mOes,  by 
going  up  every  turning. 

A  skeleton  was  found  in  a  doorway,  in  a  running  attitude; 
with  one  arm  extended,  which  appeared  to  have  had  a  bag 
of  money  in  the  hand  of  it,  for  the  lava  had  taken  so  exact  an 
impression  of  the  man,  that  there  was  a  hole  under  the  hand 
of  the  extended  arm  ;  which  hole  was  apparently  the  impres- 
sion of  the  bag,  and  several  pieces  of  silver  coiii  were  found 
in  it.  This  man,  therefore,  must  have  had  notice  enough  of  the 
danger,  to  endeavour  to  secure  his  treasure  ;  though  he  must 
have  been  encompassed  with  liquid  iire,  in  attempting  it^ 


Observations  on  the  Sex  of  Flowers*  By  TV.  Watson,  F.JR.S. 

The  sex  of  plants  is  very  well  confirmed  by  an  experiment 
which  has  been  made  on  the  palma  major  foliis  flabelliformi- 
bus.  There  is  a  great  tree  of  this  kind  in  the  garden  of  the 
Royal  Academy  at  Berlin.  It  has  flowered  and  bom  fruit 
these  30  years;  but  the  fruit  never  ripened,  and  when 
filanted,  it  did  not  vegetate.  The  palm-tree  is  a  planta 
dioecia ;  that  is,  one  of  those  in  which  the  male  and  female 
parts  of  generation  are  on  different  plants.  We  having,  there- 
fore, no  male  plant,  the  flowers  of  our  female  were  never 
impregnated  by  the  farina  of  the  male.  There  is  a  male 
pliuit  of  this  kind  in  a  garden  at  Leipsic,  20  German  miles 
from  Berlin.  We  procured  from  thence,  in  April,  1749,  a 
branch  of  male  flowers,  and  suspended  it  over  our  female 
ones,  and  our  experiment  succeeded  so  well,  that  oiu:  palm* 
tfee  produced  more  than  100  perfectly  ripe  friiit ;  from  which 
we  have  already  1 1  young  trees.  This  experiment  was  repeated 
kat  year,  and  our  palm-tree  bore  above  2000  ripe  fruit. 

The  impregnation  of  the  female  palm-tree  by  the  male  has 
been  known  in  the  most  ancient  times.  Herodotus,  when 
speaking  of  the  palm-tree^  says,  "  that  the  Greeks  call  some 
<)^  these  trees  male,  the  fiiiit  of  which  thej'  bind  to  the  other 
kind,  which  bears  dates  ;  that  the  small  flies,  with  which  the 
tasle  jtbounds,  may  assist  in  ripehing  the  fruit ;  for,"  says  this 
author,  **  the  male  palm-tree  produces  bk  its  fruit  «m£dl  flies, 
just  as  the  fig-tree  does." 

Theophrastus,  in  his  account  of  the  palm-tree,  gives  the 
very  process  mentioned  by  our  correspondent.  "  They  bring 
together,"  says  he,  "  the  males  and  the  females,  which  causes 
the  fruit  to  continue  and  ripen  on  the  trees.     Some,  from  the 
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shuilitude  of  this  to  what  happens  in  fig-trees,  caU  it  capci* 
fication ;  and  it  is  performed  in  the  following  manner :  while 
the  male'pknt  is  in  flower,  they  cut  off  a  branch  of  these 
flowers,  and  scatter  the  dust  and  down  in  it  on  the  flowers  of 
the  female  plant.  By  these  means  the  female  does  not  cast 
•her  fruit,  but  preserves  them  to  maturity."  Pliny  mentions 
the  like  process.  Among  more  modem  authors,  Prosper  Al- 
pinus  relates  the  manner  of  the  impregnation  of  the  female 
palm-tree  by  the  male,  for  the  purposes  before  mentioned. 

Some  of  the  more  skilful  modem  gardeners  put  in  practice, 
with  regard  to  melons  and  cucumbers,  the  very  method  men- 
tioned by  Theophrastus  2000  years  ago,  in  regard  to  the 
palm-tree.  As  tliese  plants,  early  in  the  season,  are  in  this 
climate  copfined  to  frames  and  glasses,  the  air,  in  which  they 
grow,  is  more  stagnant  than  the  open  air,  by  which  the  dis* 
•tribution  of  the  farina  foecundans,  so  necessary  towards  the 
production  of  thcTfruit  for  the  propagation  of  the  species,  is 
much  hindered;  to  obviate  which,  they  collect  the  male 
flowers  when  fully  blown,  and  presenting  them  to  the  female 
ones,  by  a  stroke  of  the  finger  they  scatter  the  farina  foecundans 
in  them,  which  prevents  Sie  &lhng  of  the  fruit  immaturely. 

Besides  the  vegetables  before  mentioned,  which  bear  male 
and  female  flowers  on  the  same  root,  there  are  others,  which 
produce  these  organs  on  different  roots:  in  the  number  of 
these  are  the  pafoi-tree  (the  more  particular  subject  of  this 
paper),  hops,  the  willow-tree,  mistletoe,  spinach,  hemp,  poplar,. 
French  and  dog's  mercury,  the  yew-tree,  juniper,  and  several 
others.  Among  these,  the  valisneria  of  Linn^us,  as  to  the 
manner  in  which  its  male  flower  impregnates  the  female,  is 
one  of  the  most  singular  prodigies  in  nature. 

Tlie  foundation  of  the  discovery  of  the  real  sex  of  plants, 
which  is  of  no  less  importance  in  natural  history  than  that 
of  the  circulation  of  the  blood  in  the  animal  economy,  wa& 
laid  by  the  members  of  the  Royal  Society;  though  much 
of  the  honour  due  to  them  is  attributed  by  foreigners  to  the 
late  ingenious  Mons.  Yaillant  of  Paris ;  and  this  may  have 
arisen  from  our  language  not  being  generally  understood  on 
the  Continent. 

Concerning  Mr.  Bright^  the  Fat  Man  aJt  Maiden,  t»  £seex* 

By  T.  CoLEy  M.D [1751.] 

Mr.  Edward  Bright,  grocer,  of  Maiden,  in  Essex,  died 
there  the  10th  of  November,  1750,  in  the  30th  year  of  his  age. 
He  was  a  man  so  extremely  fat,  and  of  such  an  uncommoa 
bulk  and  weight,  that  there  arevery  few,  if  any,  such  in- 
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Stances  to  be  found  in  any  country,  or  on  record  in  any  books* 
He  was  descended  from  families  greatly  inclined  to  corpulency^ 
both  on  hb  Other's  and  his  mother's  side.  He  was  always  &t 
from  a  child,  yet  strong  and  active,  and  used  much  exercise^ 
not  only  when  a  boy,  but  till  within  the  last  two  or  three  years 
of  his  life,  when  he  became  too  unwieldy.  He  could  walk 
nimbly,  having  great  strength  of  muscles,  and  could  not  only 
ride  on  horseback,  but  would  sometimes  gallop  afler  he  be- 
came between  SO  and  40  stone  weight.  He  used  to  go  to 
London  about  his  business,  till  the  joumey*(4>0  miles)  became 
too  great  a  fatigue  to  him  ;  so  thftt  he  left  it  off  some  years 
before  he  died.  In  the  last  year  or  two  he  could  walk  but  a 
little  way,  being  soon  tired,  and  out  of  breath.  At  1 2^  years 
old  he  weighed  144  pounds ;  and  before  he  was  20  he  weighed 
24  stone  or  336  pounds.  The  last  time  he  was  weighed, 
about.  IS^roonths  before  he  died,  his  weight,  exclusive  of  his 
plothes,  was  41  stone  and  ten  pounds,  or  584  pounds.  What 
it  exactly  was  at  the  time  of  his  death  cannot  be  told ;  but 
as  it  was  manifestly  increased  since  the  last  weighing,  if  we 
take  tlie  same4)roportion  by  which  it  had  increased  for  many 
years  on  an  average ;  viz.  about  two  stone  a  year,  and  only 
allow  four  pounds  addition  for  tlie  last  year,  on  account  of 
bis  moving  about  but  little,  while  he  continued  to  eat  and 
drink  as  before,  this  will  bring  him  to  44  stone,  or  616  pounds< 
As  to  his  measure,  he  was  five  feet  nine  inches  and  a  half 
high.  His  body  round  the  chest  just  under  the  arms  measured 
five  feet  six  inches,  and  round  the  belly  six  feet  ll*inches. 
His  arm  in  the  middle  of  it  was  two  feet  two  inches  about, 
and  his  leg  two  feet  eight  inches.  When  a  youth  he  used 
to  eat  somewhat  remarkably;  but  toward  tlie  end  of  his  life, 
though  he  continued  to  eat  heartily,  and  with  a  good  relish, 
yet  he  did  not  eat  more  in  quantity  than  many  other  men  of 
good  appetite.  Though  he  did  not  take  any  liquor  to  an  in« 
toxicatijig  degree,  yet,  perhaps,  on  the  whole,  he  drank  more 
than  might  have  been  advisable  to  a  man  of  his  very  corpu- 
lent disposition.  When  he  was  a  very  young  man,  he  was 
fond  of  ale  and  old  strong  beer ;  but  ailerwards  his  chief 
liquor  was  small  beer,  of  which  he  commonly  drank  about  a 
gallon  in  a  day.  In  other  liquors  he  was  extremely  moderate, 
when  by  himself,  sometimes  drinking  half  a  pint  of  wine  ^er 
dinner,  or  a  little  punch,  and  seldom  exceedmg  his  quantity ; 
but  when  he  was  in  company,  he  did  not  confine,  himself  to 
00  small  an  allowance. 

.    He  enjoyed  for  the  most  part  as  good  health  as  any  man, 
except  that  in  the  last  three  years,  he  was  two  or  three  time^ 
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seized  with  an  inflammation  in  his  leg,  attended  with  a  little 
fever ;  and  every  time  with  such  a  tendency  to  mortification, 
as  to  make  it  necessary  to  scarify  the  part.  But  by  the  help 
of  scarifications  and  fomentations,  bleeding  largely  tmce  or 
twice  in  the  arm,  and  purging,  he  was  always  soon  relieved. 

He  married  when  22  or  23  years  old,  and  lived  a  little 
more  than  seven  years  in  that  state ;  in  which  time  he  had 
five  children  bom. 

His  last  illness,  which  continued  about  fourteen  days,  was 
B  miliary  fever.  It  began  with  {Hretty  strong  inflammatory 
symptoms,  a  very  troublesome  cough,  great  difficulty  of 
breathing,  &c  and  the  eruption  was  extremely  violent.  His 
body  began  to  putrefy  veiy  soon  after  he  was  dead ;  so  that, 
notwithstanding  the  weather  was  cool,  it  became  very  offen- 
sive the  next  day,  before  a  coffin  could  be  made.  The  coffin 
was  three  feet  six  inches  broad  at  the  shoulders,  two  feet  three 
inches  and  a  half  at  the  head,  22  inches  at  the  feet,  and  three 
feet  (Hie  inch  and  a  half  deep. 


On  the  Phenomena  of  Electricity  in  Vacm*   By  Mr.  William 

FFrfT50y.-7[l75I.] 

From  a  comparison  of  experiments  in  electricity  made  m 
vacuo,  with  thbse  already  made  m  open  air,  it  appears,  that 
on  the  removal  of  the  air  the  electricity  pervades  the  vacuum 
to  ^  considerable  distance,  and  manifests  its  effects  on  any 
non-el(^Mric  substances,  which  terminate  that  vacuum ;  and 
that  by  tliese  means,  originally-electric  bodies,  even  in  their 
most  perfect  state,  put  on  the  appearance  of  non-electrics, 
by  becoming  themselves  the  conductors  of  electricity. 

The  experiments  alluded  to  in  this  paper  must  be  con- 
sidered to  have  been  made  in  a  vacuum  by  Mr.  Smeaton's 
air-pump,  that  rarefies  1000  times. 

'  It  appeared  fi*om  them,  that  the  electricity,  meeting  with 
scarcely  any  resistance,  passed  from  the  top  to  the  bottom, 
and  electrized  the  air-pump;  and  it  was  a  most  delighdul 
spectacle,  when  the  room  was  darkened,  to  see  the  electricity 
in  its  passage ;  to  be  able  to  observe,  not,  as  in  the  open  air. 
Its  brushes  or  pencils  of  rays  an  inch  or  two  in  length,  but 
here  the  coruscations  were  of  the  whole  length  of  3ie  tube 
between  the  plates,  viz.  S2  inches,  and  of  a  bright  silver  hue» 
These  did  not  immediately  diverge  as  in  the  open  air,  hxA, 
frequently,  from  a  base  apparenUy  flat,  divided  themselves 
into  less  and  less  ramifications,  and  resembled  very  much  the 
most  lively  coruscations  of  the  aurora  borealis.^        .  . 
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'  Hence  it  appears  that  our  atmosphere,  when  dry,  is  the 
agent  by  which  we  are  enabled  to  accumulate  electricity  on 
non-electrics  ;  as  in  the  experiment  before  us,  on  the  removal 
of  it,  the  electricity  passed  off  into  the  floor  through  a 
vacuum,  of  the  greatest  length  we  have  hitherto  been  able  tb 
make,  became  visible  in  this  vacuum,  and  manifested  itselt 
by  its  effects  on  the  air-pump,  being  the  non-electric  sub- 
stance, which  terminated  that  vacuum ;  whereas,  when  the 
air  is  not  taken  away,  the  dissipation  of  the  electricity  is  from 
every  part  of  the  prime  conductor.  We  see,  also,  contrary  to 
what  we  have  found  hitherto,  that  an  originally-electric  body, 
viz.  a  dry  glass  tube,  puts  on  the  appearance  of  a  non-electric^ 
by  becoming  itself  the  conductor  of  electricity,  that  is,  by  its 
keeping  out  the  air,  and  suffering  the  electricity  to  pervade 
the  vacuum. 

Mr.  W.  was  desirous  of  knowing,  for  the  further  illustration 
ef  his  propositions,  whether  the  Leyden  experiment  could  be 
made  through  the  vacuum.  For  this  purpose  he  made  th^ 
before-mentioned  exhausted  tube  part  of  the  circuit  so 
necessary  to  this  experiment.  In  this  experiment  it  is  ab^ 
dolutely  necessary  that  the  whole  quantity,  or  nearly  so,  of 
the  accumulated  electricity,  should  be  discharged  in  the  sanke 
instant  of  time.  Accordingly,  on  making  the  experiment,  at 
the.  instant  of  the  explosion  a  mass  of  very  bright  embodied 
fire  was  seen  to  dart  from  one  of  the  brass  plates  in  die  tube 
to  the  other ;  but  this  did  not  take  place  when  one  of  the 
^ates  was  farther  distant  irom  the  other  than  10  inches. 
When  the  distance  was  greater,  the  fire  then  began  td 
diverge,  and  lose  part  of  its  force ;  end  this  force  diminished 
in  proportion  to  its  divergency,  which  was  nearly  as  the 
distance  of  the  two  plates. 


On  OoraL  By  the  Sieur  de  Psyssonnel,  M.  JD.  —  [1751.] 
M.  DE  Peyssonnel,  in  relation  to  the  question,  whether 
total  is  a  plant,  according  to  the  general  opmion,  or  a  petrifi- 
cation or  congelation,  according  to  some,  after  exhibiting  th^ 
various  arguments  delivered  in  support  of  these,  concludes 
tifiat  coral,  as  well  as  all  other  stony  sea-p]ants,  and  even 
sponges,  are  the  work  of  different  insects,  particular  to  each 
species  of  these  marine  bodies,  which  labour  uniformly  ac^ 
cording  to  their  nature,  and  as  the  Supreme  Being  has 
ordered  and  determined.  The  coral-insect  [worm],  which 
is  here  called  a  little  urtica,  purpura,  or  polj^e,  and  which 
Marsigli  took  for  its  flower,  expands  itself  j^^^^r,  and 
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rontracts  itself  in  air,  or  when  you  touch  it  in  water  with 
your  hand,  or  pour  acid  liquors  to  it.  This  is  usual  to  fishes 
or  insects  of  the  vermicular  kind. 

When  our  author  was  upon  the  coast  of  Barbary  in  1725) 
he  had  the  pleasure  of  seeing  the  coral^nsect  move  its  daws 
or  legs ;  and  having  placed  a  vessel  of  sea-water  with  coral 
therein  near  the  fire,  these  little  insects  expanded  themselves. 
^e  increased  the  fire,  and  made  the  water  boil,  and  by  these; 
means  kept  them  in  their  expanded  state  out  of  the  coral,  as 
liappens  in  boiling  shell-animals,  whether  of  land  or  sea. 
Jftepeating  hb  observations  on  other  branches,  he  clearly  saw 
that  the  little  holes  perceptible  on  the  bark  of  the  coral 
were  the  openings  through  which  these  insects  went  forth. 
These  holes  correspond  with  those  little  cavities  or  cells 
which  are  partly  in  the  bark,  and  partly  on  the  substance  of 
the  coral;  and  these  cavities  are  the  niches  which  the  insects 
inhabit.  In  the  tubes,  which  he  had  perceived,  are  contained 
the  organs  of  the  animal ;  the  glandules  are  the  extremities 
of  its  feet,  and  the  whole  contains  the  liquor  or  milk  of  coralj^ 
which  is  the  blood  and  juices  of  the  animaL  When  he  pressed 
this  little  elevatipn  with  his  nails,  the  intestines  and  whole 
body  of  the  insect  came  out  mixed  together,  and  resemblecl 
the  thick  juice  fiumished  by  the  sebaceous  glands  of  the  skin; 
He  saw  that  the  animal,  when  it  wanted  to  come  forth  from 
its  niche,  forced  the  sphincter  at  its  entrance,  and  gave  it  axi 
appearance  like  a  star  with  white,  yellow,  or  red  rays.  When 
the  insect  comes  out  of  its  hole  without  expanding  itself,  the 
feet  and  body  of  it  form  the  white  appearance  observed  by 
Harsigli ;  but  being  come  forth,  and  expanded,  it  forms  what 
that,  gentleman  and  our  author  took  for  the  petals  of  the 
flowers  of  coral,  the  caljrx  of  this  supposed  flower  being  the 
body  of  the  animal  protruded  from  its  cell.  The  milk  before 
mentioned  is  the  blood  and  natural  juice  of  the  insect,  and  is 
more  or  less  abundant  in  proportion  to  its  health  and  vigour.' 

On  the  coast  of  Barbary,  the  fishermen  brought  him,  in  a 
barrel  of  sea-water,  one  of  those  madreporas  which  are  called 
in  Provence  fenouille  de  mer,  or  sea-fennel.  It  had  been 
put  into  the  barrel  as  soon  as  it  was  taken  out  of  the  sea  * 
and  he  observed,  that  the  extremities  of  this  madrepora  were 
soft  and  tender,  furnished  with  a  transparent  mucosity,  like 
that  of  snails :  these  extremities  were  of  a  beautiful  yellow 
colour,  and  were  five  or  six  lines  in  diameter.  In  this  he 
saw  an  animal,  resembling  the  cuttle-fish,  polype,  or  sea* 
nettle.  The  body  of  this  fish  filled  the  centre  :  its  head  was 
placed  in  the  middle  of  it,  and  was  surrounded  by  several 
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feet  or  daws :  these  feet  filled  the  intervals  of  the  partitions 
observed  in  the  madrepora,  and  were  at  pleasure  brought  to 
its  head,  and  were  furnished  with  yellow  papillae.  Its  head 
or  centre  was  lifted  up  occasionally  above  the  surface,  and 
c^en  contracted  and  dilated  itself  like  the  pupil  of  the  eye. 
He  had  the  pleasure  of  seeing  it  move  distinctly  all  its  daws^ 
>as  well  as  its  head  or  centre. 

The  flesh  of  the  animal  of  the  madrepora  is  so  soft,  that  it 

(divides  on  the  gentlest  touch«    This  soft  texture  prevented 

M.  de  P.  from  detaching  any  one ;  and  he  observes  that  there 

•are  in  those  seas  several  lai^e  i^edes  of  urtica,  which  become 

soft  on  the  least  touch.      He  iHentions  one  sort  of  above 

la  foot  in  diameter,  whose  body  is  as  large  as  a  man's  head» 

•and  which  is  of  a  poisonous  nature.    j£fter  the  madrepora 

•had  been  preserved  three  days,  the  contained  animals  covered 

its  whole  surface  with  a  transparent  jeUy>  which  melted  away, 

and  fell  to  the  bottom  of  the  water  as  the  animid  died ;  and 

both  the  water  and  madrepora  then  had  a  putrid  fishy  smdL 

.Aft;er  having  destroyed  and  consluned  all  the  animals,  the 

extremities  of  the  madrepora  became  white. 

.    From  what  has  been  extracted,  concerning  the  coral  and 

;inadrepora,  an  idea  may  be  formed  of  the  millepora,  ly  thor 

•phyton,  corallines,  and  spools ;  each  of  which  is,  according 

to  our  author,  thf   habitation   of  numerous  animals,  and 

formed  by  them.    He  has  given,  from  his  own  observations, 

particular  accounts  of  each  of  these  productions,  and  divided 

them  into  genera  and  spedes  with  great  accuracy;  and 

itl^ough  in  common  they  are  the  habitations  of  animals,  ead) 

species  varying  in  form  and  bulk,  and  composing  its  cell  in 

various  forms  and  manners,  and  of  different  consistences, 

constitutes  their  essential  character.    As  oysters,  scallops, 

musdes,  cockles,  snails,  &c.  have  a  power  given  them,  by  the 

Author  of  nature,  of  forming  and  enlargmg  their  separate 

dwellings,  to  these  bodies,  &e  subjects  of  this  treatise,  the 

same  power  is  given,  but  in  large  families.    In  the  madrepora, 

its  animal  occupies  the  extremity;  in  the  millepora,  the 

substance;  in  corallines  and  sponges,  the  void  places;  in 

coral  and  lithophytes,  the  cortical  parts.    Each  of  these 

animals,  according  to  their  kind,  furnish  substances  differing 

as  much  in  consistence  as  in  form.     That  of  coral  is  ex-> 

tremely  hard,  and  compact;  the  madrepora  and  millepora 

are  of  a  stony,  but  more  loose  texture ;  the  coralline  b  still 

more  soft ;  the  lithophyton,  of  a  substance  nearer  horn  than 

fitone ;  and  the  sponge  is  soft  and  elastic. 
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Letters  of  ike  Abbe  MjZEJSy  P.  i?.  S,,  o?i  the  Success  of  the  late 

JEaperiments  in  Prance,  concerning  the  Analogy  of  Thvmder 

and  Electricity.^  in 52.2 
.  The  Fhiladelphian  experiments  which  Mr.  Gollinson  com- 
municated to  the  public  having  been  univerally  admired  in 
France,  the  King  desired  to  see  them  performed.  Therefore 
the  Duke  d'Ayen  offered  his  Majesty  his  country-house  at  St. 
Germam,  where  M.  de  Lor,  master  of  experimental  philosophy^ 
should  put  those  of  Philadelphia  in  execution.  .  His  Mi^estj 
saw  them  with  great  satisfaction,  and  greatly  applauded  Me»> 
sieurs  Franklin  and  Gollinson.  These  afj^lauses  of  his  Majesty 
having  excited  in  Messieurs  de  Bi^n,  P'Alibard^  and  Tie 
Lor,  a  desire  of  verifying  the  conjectures  of  Mr.  Frankhn,  din 
the  analogy  of  thunder  and  electricity,  they  prepared  them^ 
edves  for  making  the  experiments. 

M.  d'Alibard  chose  for  this  purpose  a  garden  situated  at 
Marly,  where  he  placed  on  an  electrical  body  a  pointed  bar 
of  iron,  of  40  feet  high.  On  the  10th  of  May»  ^  minutes 
past  two,  afternoon,  a  stormy  cloud  having  passed  over  the 
placeVhere  ^e  bar  stood,  t&ose  tiiat  were  appointed  to  observe 
It  drew  near,  and  attracted  from  it  sparks  (kT  fire,  perceiving 
the  same  kind  of  commotions  as  in  the  common  electrical  ex- 
periments.  M.  de  Lor,  sensible  of  the  good  success  of  this 
experim^it,  resolved  to  repeat  it  at  his  house  in  the  Estrapade 
at  Paris.  He  raised  a  bar  of  iron  99  feet  high,  placed  on  a 
cake  of  resin,  two  feet  square,  and  three  indies  thick.  On 
the  18th  of  May,  between  four  and  five  in  the  afternoon,  a 
atormy  doud  having  passed  over  the  bar,  where  it  r^natned 
half  an  hour,  he  £ew  sparks  from  die  bar.  These  sparks 
were  like  those  of  a  gun,  when,  in  the  electrical  experiments, 
the  globe  is  only  rubbed  by  the  cushion^  and  they  produced 
the  same  noise,  the  same  mre,  and  the  same  cracklmg.  They 
drew  the  strongest  sparks  at  the  distance  of  nine  lines,  while 
the  rain,  mingled  with  a  little  hafl^  fell  from  the  doud,  with- 
out either  thunder  or  lightning ;  this  doud  being,  according 
to  all  ^pearance,  only  the  consequence  of  a  storm,  which 
hi^pened  elsewhere.  From  this  experiment  they  conjectured, 
that  a  bar  of  iron,  placed  in  a  high  situation  on  an  electrical 
body,  might  attract  the  storm,  and  deprive  the  cloud  of  all  its 
Sunder. 

St  GermcAoy  July  12.1752. — Towards  11  in  the  morning 
the  heavens  began  to  be  covered  to  the  south-west,  with 
some  claps  of  tlumder  and  lightning  at  a  gr^ at  distance.  The 
Abb^  had  just  time  to  go  to  the  garden,  where  Jie  found  the 
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Duke  d'Ayen,  who  had  prepared  everj  tiling  for  the  experi* 
ments.  An  iron  wire  descended  from  the  top  of  the  pole^ 
and  rented  on  the  hot-house  of  the  garden :  this  wire  was  8up« 
ported  by  a  silken  cord,  and  was  terminated  by  a  tin  cylinderi 
of  about  three  inches  diameter,  and  three  feet  long.  The 
electricity  of  this  cylinder  was  such  that,  when  a  finger  ap- 
proached it,  two  or  three  very  lively  sparks  at  a  time  were  pro* 
duced,  with  a  noise  like  that  of  the  nails  of  one's  fingers 
cracked  against  each  other.  Then  the  Duke  d'Ayen  took 
the  first  shrub  he  met  in  the  hot-house,  which  happened 
to  be  that  from  which  the  labdanum  is  produced :  he  placed 
it  with  its  pot  on  a  cake  of  resin,  and  fastened  the  iron  wire 
to  one  of  its  branches.  This  shrub  was  instantlv  electrified, 
so  that  whitish  sparks  issued  from  every  leaf,  with  the  same 
kind  of  cracking  just  mentioned;  but  the  trunk  of  this  shrub 
had  a  much  stronger  electricity ;  whether  at  that  instant  the 
electricity  of  the  cloud  was  more  strong  (for  it  varies  every 
moment),  or  that  the  force  of  the  whole  electricity,  expanded 
through  the  leaves,  became  concentrated  in  the  tnmk  of  this 
shrub.  The  Duke  then  took  one  of  his  silver  watering-pots, 
which  was  two  feet  and  a  half  high :  he  filled  it  with  water 
within  an  inch  of  the  brim,  and  placed  it  on  the  electrical  cake^ 
dipping  into  it  a  yrb^  of  lead,  which  communicated  with  that 
wire  which  came  fWi  the  top  of  the  pole.  Of  all  the  electricity 
tried  till  then,  this  was  incomparably  the  strongest :  there  were 
20  sparks ;  and  on  advancing  the  finger  towards  it,  the  $hock 
affected  the  arms  and  breast  with  great  violence. 


JUUer  from  Benjamin  Fsanklin^  Esq.  concerning  an  JEkc- 
triced  Kite.    Daied  Philadelphia^  October  1.  1752. 

As  firequent  mention  is  made  in  the  public  papers  froni 
Europe,  of  the  success  of  the  Philadelphia  experiment,  for 
drawing  the  electric  &*e  from  clouds  by  means  of  pointed 
rods  o€  iron  erected  on  high  buMjags,  &c.  it  maybe  agreeable 
to  the  curious  to  be  informed,  that  the  same  experunent  has 
succeeded  in  Philadelphia,  tibough  made  in  a  different  and 
more  easy  manner,  which  any  one  may  try,  as  fdlows ;  — 

Make  a  small  cross,  of  two  light  strips  <xf  cedar ;  the  arms 
so  long,  as  to  reach  to  the  four  comers  of  a  large  thin  silk 
handkerchief,  when  extended :  tie  the  comers  of  the  hand* 
kerchief  to  the  extremities  of  the  cross :  so  you  have  the 
body  of  a  kite  ;  which  being  properly  accommodated  with  a 
tail,  loop,  and  string,  will  rise  in  ^  air  lyce  those  made  of 
p«>er ;  but  this,  being  of  silk,  is  fitter  to  beat^the  wet  and 
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wind  of  a  thunder-gust  without  tearing.  To  the  top  of  the 
upright  stick  of  the  cross  is  to  be  fixed  a  very  sharp-pointed 
wire,  rising  a  foot  or  more  above  tilie  wood.  To  the  end  of 
the  twine,  next  the  hand,  is  to  be  tied  a  silk  ribbon ;  and 
where  the  twine  and  silk  join,  a  key  may  be  fastened. 

The  kite  is  to  be  raised  when  a  thunder-gust  appears  to  be 
coming  on,  and  the  person  who  holds  the  string  must  stand 
withui  a  door,  or  window,  or  under  some  cover,  so  that  th^ 
silk  ribbon  may  not  be  wet ;  and  care  must  be  taken  that 
the  twine  does  not  touch  the  frame  of  the  door  or  window. 
As  soon  as  any  of  the  thunder  clouds  come  over  the  kite,  the 
pointed  wire  will  draw  the  electric  fire  firom  them  ;  and  the 
Kite,  with  all  the  twine,  will  be  electrified;  and  the  loose- 
filaments  of  the  twine  will  stand  out  every  way,  and  be 
attracted  by  an  approaching  finger. 

When  the  rain  has  wet  the  kite  and  twine,  so  that  it 
can  conduct  the  electric  fire  fireely,  you  will  find  it  stream- 
out  plentifully  firom  the  key  on  the  approach  of  your  knuckle. 
At  this  ke^  the  phial  may  be  charged ;  and  from  electric  fire 
thus  obtamed  spirits  may  be  kindled,  and  all  the  other 
electrical  experiments  be  performed,  which  are  usually  done 
by  the  help  of  a  rubbed  glass  globe  or  tube,  and  thus  the 
sameness  of  the  electric  matter  with  that  of  lightning  is  com* 
pletely  demonstrated. 


lat  ot  ii 

m 


Of  the  great  Alterations  which  the  Islands  of  SciUy  have 

undergone  since  the  Time  of  the  Ancients.    By  the  Eev. 

Mr.  William  Borlase.  —  [1753.] 

The  inhabitants  of  these  isles  are  all  new-comers ;  there 
is*not  here  an  old  habitation  worth  notice ;  nor  any  remains 
of  Phenician,  Grecian,  or  Roman  art,  either  in  town,  castle, 
port,  temple,  or  sepulchre.  All  the  antiquities  are  of  the 
rudest  Druid  tunes ;  and,  if  borrowed  in  any  measure  from 
those  eastern  traders  before  mentioned,  were  borrowed  from 
their  most  ancient  and  simple  rites. 

How  came  these  ancient  inhabiUnts,  then,  it  ma^  be  asked^ 
to  vanish,  so  as  that  the  present  have  no  pretensions  to  anv 
afiinity  or  connection  of  any  kind  with  theiQ,  either  in  bloo^ 
language,  or  customs  ?  How  came  they  to  disappear,  and 
leave  so  few  traces  of  trade,  riches,  or  arts,  and  no  posterity, 
that  we  can  learn,  behind  jthem  ?  Two  causes  of  this  fiu:t 
occurred  while  Mr.  B.  was  at  Scilly,  which  may  perhaps 
satisfy  these  enquiries; —  the  manifest  encroachments  of  the 
Bea>  and  as  manifest  a  subsidence  of  some  parts4>f  the  land« 
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The  sea  is  the  insatiable  monster,  which  devours  these 
little  islands,  gorges  itself  with  the  earth,  sand,  clay,  and  all 
the  yielding  parts,  and  leaves  nothing,  where  it  can  reach, 
but  the  skeleton,  the  bared  rock.  The  continual  advances 
which  the  sea  makes  on  the  low  lands  are  obvious,  and  within- 
the  last  SO  years  have  been  very  considerable.  What  we  see 
happening  every  day  may  assure  us  of  what  has  happened  in 
former  times  ;  and  from  the  banks  of  sand  and  earth  giving 
way  to  the  sea,  and  the  breaches  becoming  still  more  open, 
and  irrecoverable,  it  appears  that  repeated  tempests  have 
occasioned  a  gradual  dissolution  of  the  solids  for  many  ages> 
and  as  gradual  progressive  ascendency  of  the  fluids. 

On  shifting  of  the  sands  in  the  channel,  walls  and  ruins  are 
frequently  seen :  there  are  several  phenomena  of  the  same 
nature,  and  owing  to  the  same  cause,  to  be  seen  on  these 
shores.  Here,  then,  we  have  the  foundations,  which  were 
probably  six  feet  above  high-water  mark,  now  10  feet  under, 
which  together  make  a  difference  as  to  the  level  of  16  feet. 
To  account  for  this,  the  slow  advances  and  depredations  of 
the  sea  will  by  no  means  suffice ;  we  must  either  allow,  that 
the  lands  inclosed  by  these  fences  have  sunk  so  much  lower 
than  they  were  before,  or  else  we  must  allow,  that  since  these 
lands  were  inclosed^tlie  whole  ocean  has  been  raised  16  feet 
perpendicular;  w^pjast  will  appear  much  the  harder  and 
less  tenable  supposition  of  the  t^ffo.  Here  t^en  was  a  great 
subsidence ;  the  land  between  Sampson  and  Trescaw  sunk  at 
least  16  feet,  at  a  moderate  computation.  This  subsidence 
must  have  been  followed  by  a  sudden  inundation,  and  this 
inundation  is  likely  not  only  to  have  destroyed  a  great  part 
of  the  inhabitants,  but  to  have  terrified  others  who  survived 
into  a  total  desertion  of  their  shattered  islands.  By  this 
means,  as  I  imagine,  that  considerable  people,  who  were,  the 
aborigines,  and  carried  on  the  tin  trade  with  the  Phenicians, 
Greeks,  and  Romans,  were  extirpated.  .. 
^Tradition  seems  to  confirm  this;  there  being  a  strong 
persuation  in  the  western  parts  of  Cornwall,  that  formerly 
there  existed  a  large  country  between  the  Land's  End  and 
Scilly,  now  laid  many  &thoms  under  water.  The  particular 
arguments  by  which  they  support  this  tradition  may  be  seen 
in  Mr.  Carew's  Survey  of  Cornwall,  and  in  the  last  edition  of 
Camden. 

But  though  there  are  no  evidences  to  be  depended  on,  of 
any  ancient  connection  of  the  Land's  End  and  Scilly,  yet  that 
the  cause  of  that  inundation,  which  destroyed  much  of  these 
inlands,  might  reach  dso  toih^  Cornisl)  sliores  i^  extremely 
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probable,  ^ere  being  se^erei  evidetioes  of  a  like  subsidehce 
of  the  land  in  Mount  s  Bay.  :       \' 


Ace§tmt  of  ^  IhctJ^  (f  Mr*  Georqb  Wjllum  Richman^ 
Pnfo9$or.  of  EiK^wmenial  PkiloMpi^t  and  a  Member  f^tha 
Jbnperial  Aoadmy  of  Sciences  at  P^erdmrgh,  —  [1 755.J. 
Ik  order  to  demonstrate  what  Mr.  R.  might  adwmce-in  an 
intended  discourse  on  electricity  with  the  greater  certainty^ 
he  neglected  no  opportunity,  on  the  appearance  of  a  thunder- 
cloud, d3igently  to  discover  its  strength.  Bars  w«re  ^tandin^ 
for  this  purpose  always  on  the  roof  of  iJie  house.  These  re- 
ceived the  electrical  power  of  the  clouds,  and  imparted  it  to 
certain  chains  fastened  to  them  ;  by  whidi  it  waa  conducted 
into  one  of  his  rooms,  where  his  apparatus  was.  H&  was 
attending  the  usual  meeting  of  the  Academy  the  26th  of 
July,  1Y53,  a  little  before  noon,  when  it  thundered  at  a  pretty 
distance,  the  sky  being  clear,  and  the  sun  shining.  On  this 
he  hastened  home,  in  hopes  of  confirming  his  former  observ- 
ations, or  possibly  enabling  himself  to  make  new  ones. 

The  engraver  Sokolow,  who  had  the  care  of  his  treatise, 
accompanied  him,  to  make  himself  the  better  acquainted  #ith 
the  chief  circumstances  of  the  electricaljflU)eriment,  in  order 
to  be  enabled  to  represent  it  more  jug^^^n  a  copper-plate.: 
Mr.  Bichman  carried  the  engraver  immediately  to  his  ap- 
paratus, taking  notice  of  the  degree  of  electricity  on  his  bar^ 
which  was  then  only  four ;  and  by  Which  it  appeared  that 
his  bar  had  received  very  little  from  the  thunder.  He  de- 
scribed to  Mr.  Sokolow  the  dangerous  consequences  which 
would  attend  the 'electrical  power  being  increased  to  the 
4f5th,  or  more  degrees  of  his  expositor. 

In  the  mean  time  the  misfortune  happened,  about  half  an 
hour  after  noon,  which  cost  Professor  Richtnan  his  life.  A 
thick  cloud,  that  came  from  the  north-east,  and  seemed  to 
float  verv  low  in  the  air,  was  taken  notice  of  by  people  walk- 
ing in  tne  street ;  and  these  affirm,  that  they  could  plainly 
see,  on  the  subsequent  flash  of  lightning,  and  peal  of  thunder, 
a  quantity  of  vaporous  matter  issue  from  it,  which  diflused 
itself  in  the  circumjacent  space. 

According  to  the  account  of  the  engraver  Sokolow, 
IVIr.  Richman  inclined  his  head  towards  the  expositor,  to  ob' 
serve  what  degree  offeree  it  would  have ;  and  while  he  stood 
in  that  bent  posture,  a  great  white  and  bluish  fire  appeared 
between  the  electrical  expositor  and  Mr.  Richman's  head. 
At  the  same  time  arose  a  sort  of  stream,  or  vapoiu-,  which 
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c&lirely  benumbed  tibe  engraver,  and  made  him  sink  down  on 
the  ground ;  so  that  he  cannot  remember  to  have  heard  the 
loud  thunder-clap. 

The  particulars,  which  happened  to  Mr.  Richman,  Mr<  So- 
kolow  is  ignorant  of.  As  soon  as  he  had  recovered  his  senses, 
he  got  up,  and  ran  oiit  of  the  house,  acquainting  everv  one 
whom  he  met  in  the  street,  that  the  thunder  had  struck  into 
into  Mr.  Richman's  house.  On  the  other  side,  as  soon  as 
Mrs.  Richman  heard  the  very  loud  stroke  of  thunder,  she 
came  hastening*  into  the  chamber,  in  which  she  conjectured  ^ 
she  should  see  the  bad  consequences.  She  found  her  hus- 
band past  sensation,  sitting  upon  a  chest,  which  happened  to 
be  placed  behind  him,  aiid  leaning  against  the  wail ;  which 
situation  must  have  been  occasioned  by  his  falling  back  on 
receiving  the  electrical  blow.  He  was  no  sooner  struck  than 
killed.  There  was  not  the_  least  appearance  of  life.  A  sul-* 
phureous  smell,  not  unlike  that  which  is  caused  by  the  explo- 
sion of  gunpowder,  difiused  itself  through  the  whole  house. 
Some  servants,  who  were  hard  by  in  die  kitchen,  felt  its 
effects,  being  quite  stupified.  The  electrical  expositor  stood 
on  a  low  bunet,  upon  which  was  likewise  placed  a  China  bowl 
that  was  cracked ;  and  there  was  such  a  shaking  in  the  house, 
that  the  shock  even  stopped  the  movement  of  an  English 
dock,  or  penduludi  which  was  in  an  adjoining  room.  No 
otiber  consequences  were  observed  in  the  house.  But  we  have 
•Sjund  another  effect  of  the  force  of  electricity,  or  of  thunder- 
bolts, discoverable  by  the  door-posts  of  the  nouse  ;  for  they 
were  rent  asunder  lengthwise,  and  the  door,  with  that  part 
of  the  posts,  so  torn  away,  twirled  into  the  porch.  The  reason 
of  which  appears  to  be,  because  one  of  the  above-mentioned 
chains,  that  were  carried  from  the  bars  at  the  house-top  to 
the  expositor,  passed  very  near  them  ;  and  the  kitchen-door, 
being  at  a  little  distance  o£^  had  a  splinter  torn  out,  and 
dashed  against  a  staircase,  that  went  towards  the  top  of  the 
house ;  so  that  part  of  the  electrical  matter  seems  to  have 
taken  its  course  this  way,  but  without  doing  any  more  damage. 
They  opened  a  vein  of  the  breathless  body  twice,  but  no 
blood  followed. .  They  endeavoured  to  recover  sensation  by 
violent  chafing,  but  in  vain.  On  turning  the  corpse  topsy- 
turvy, during  the  rubbmg,  an  mconsidetable  quantity  of  blood 
fell  out  of  the  mouth.  There  appeared  a  red  spot  on.the 
forehead,  from  which  spirted  some  drops  of  blood  through  the 
pores,  without  wounding  the  skin.  The  shoe  belonging  to 
the  left  foot  was  burst  open.  Uncovering  the  foot  at  that 
place,  they  found  a  blue  mark,  by  which  it  is  concluded,  that 
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the  electrical  force  of,  tbe  ^thunder  hamtkg  passed  into  the 
head,  made  its^wayiouttagasn  at  the  foot.  On  the  body,  par* 
ticularly  on  the  left  side,  were  several  red  and  Use  spots, 
resembling  leather  dkruak.hy.b^ap^  bumti  Manj  more  blue 
spots  were  afterwards  nrasiblei  awt  the  whde.body,-.  and  in 
particular  on.  theJ^ock,  :Xhat  on  itheibntfaedd  ehaiDged  to  & 
brownish  red..  Hiebahuxf  lhe'head:jiras  not  singed^  though 
the  spot  teuehed'Some  oDitv^  In  .tbe  pkoe  where  ihe  shoe 
was  unripped,  thestsdeii^.wa9  ientkre^  as  was  hk  coat  every 
where,  the  waistooat  being  oidy  8U^ed4)tt  the  fore  fliqp,  where 
it  joined  the  hinder.  But  tWe  <ap{$eardd-oa  the  back  of  the 
engraver's  ooat  long-  nftcrow«treal»i,  asi  if  rsd*hot  wires  had 
burnt  off  the  nap. 


On  the  Books  and  Ancient  WriHngs  dvg  out  ^  tite  Rmns  of 
^    an  JSdjfice  near. the  Site  of^  old  OUy  ^ Merculaneum. 

Within  two  years  last  past,  in  a  chamber  of  a  house,  or 
more  properly  speaking,  of  ^an  micient  villa,  in  the  middle  of 
a  garden,  has  been  fotmd  a-greatquiuility  of  rolls,  about  a 
palm  long,  and  round;  which  appe^-ed  like  .roots  of  wood,  all 
black,  and  seeming  to-be  only  of  one  piece.  One  of  them 
falling  on  the  ground,  it  brdce  in  the  midcUe,  and  many  letters 
were  observed,  by  which  it  was  first  14i^wn,  that  die  rolls 
were  of  papyrus.  The  number  ef  these  rolls  were  about 
150,  of  different  sizes.  They  were  in  wooden  cases,  which 
are  so  much  burnt,  as  are  all  the  things  made  o^  wood,'  that 
they  cannot  be  recovered.  The  rolls,  however,  are  hard, 
though  each  appears  like  one  piece^  The  King  has  caused 
infinite  pains  to  be  taken  to  unroll  them,  and  read  them ;  but 
all  attempts  were  in  vain ;  only  by  slitting  some  of  them 
some  words  were  observed. 

At  length  Sig.  Afisemani,  being  -come  a  second  time  to 
Naples,  proposed  to  the^King  to  send  for  one  Father  Antonio, 
a  writer  at  the  Vatican,  as  the  only  man  in  th^  world  who 
could  undertake  this  difficult  affair.  It  is  incredible  to 
imagine  what  this  man  contrived  and  executed.  He  made  a 
madiine,  with  whidi,  by  the  means  of  certam- threads,  which 
being  gummed,  stuck  to  the  back  part  of  the  papyrus,  where 
there  was  no  writing,  he  begins,  by  d^rees,  to  pidl,  while 
with  a  sort  of  engraver's  instrument  he  loosens  one  leaf 
from  the  other,  which  is  the  most  difficult  p^  of  all,  and 
then  makes  a  sort  of  linmg  to  the  back  of  the  papyrus,  with 
exceedingly  thin  leaves  of  onion,  if  I  mistake  not,  and  with 
$ome  spirituous  liquor,  with  which  he  wets  the  napjOTis,  by 
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little  and  Irtde  as -he  unfolds  it;  All  this  labour  cannot  be 
well' comprehended  wilfi(mt  seeing  fti  Wth  patience  superior 
to  what  8  man'can  imtigitte,  tlifs  goQ*cl  father  has  unrolled  a 
pretty  large  piece  of  pap3rrus,  the  worst  preserved,  by  \\ray 
df  trial. 

It  is  fdtmd  to  be  the  work  of  a  Greek  wi'iter,  and  is  a  small 
philosDphlc '  tract)  in  Plirtareh'i^  manner,  on  music ;  blaming 
It  as  pernicious  to  society,  and  produdtite  of  softness  and 
etfeminacy.  '  It* does  not  discourse  of  t(he  art  of  music.  Tlie 
b^mntttg  is  wanting,  font  it 'is  to  be  hoped,  that  the  author's 
name  may  be  found,  at  the  end  i  it  seems,  however,  to  be 
the  work  of  a  Stoic  pWlosopher;  because  Zeno  is  much 
eommended.  The  papyrus  is  written  across  in  so  many 
columns^  every  one  of  about  %  lines,  and  every  line  is  the 
third  of  a  palm  long.  Between  column  and  column  is  a  void 
space  of  more  than  an  inch.  Tliere  are  now  unrolled  about 
dO  columns ;  which  is  about  a  half  of  the  whole ;  this  roll 
bdng  one  of  the  smallest ;  the  lettiers  aVe  distinguishable 
?nough.  Father  Antonio,  after-  he  ha*  Idosened  a  piece, 
takes  it  off  where  there  are  no  fetters ;  and  places  it  between 
two  crystals  Ibr  the  better  Observation;  and  then,  having 
att  admirable  talent  in  imitating  dmracters,  he  copies  it  with 
all  the  lacunae,  which  are  very  numerous  In  this  scorched 
papyrus,  and  gives  %ns  copy  to  the  Canon  Mazzocchi,  who 
tries  to  supply  the  loss,  and  explain  it.  The  letters  are  capital 
cmes,  and  ^most  without  any  abbreviation.  '  The  worst  is, 
the  work  t^dces  up '  so  much  time,  that  a  small  quantity  of 
writing  requires  five  or  six  days  to  unroll,  is6  that  a  whole 
year  is  already  consumed  about  half  this  roll.  The  lacunae, 
for  the*  most  part,  are  of  one  or  two  #ords,  that  may  be  sup- 
plied by  the  context.  AU  soon  as  this  roll  is  finished,  they 
will  begin  a  Latin  one.  There  are  some  so  voluminous,  and 
the  papyrus  so  flne,'thdt  uHfoUed  they  would  take  up  100 
pahns'  space. 


4db>'  er^rooTtfmdw^  and  tmpfisinff  AgUaUoti  tf  the  WcOertj 
4hmis^wiih0Uiim^pere^Mk3fyewn  of  tke  Earthi  having 
been  ebe&ned  in  various  ParU  of  ikie  MOnd^  bM  Markitne 
mtdlnkmd,  onihesameiDt^y  and  ckieify  about  the  Time 
that  the  JEarthquake  took  pkuoe  at  £A^)on^  t!6RfoUouii»g 
Aoeo^nis  were  trwuTmtted  to  the  Society*  «v' 

At  Portsmoudi,  in  Hampshire.  By  JIfr.'  John  Robert- 
son, F.P.S.  —  On  Saturday,  Nov.  1. 1755,  about  35  minutes 
after  10  in  the  morning,  there  was  observed  in  the  dock-yard 
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at  Portsmouth  an  extraordinary  motion  of  the  waters  on  the 
north  docky  and  in  the  basin,  and  at  two  of  the  jetty-heads. 
In  the  north  dock,  whose  length  is  about  229  feet,  breadth 
74  feet,  and  at  that  time  about  17^  feet  depth  of  water,  shut 
in  by  a  pair  of  strong  gates,  well  secured,  his  Majesty's  ship 
the  Gosport  of  40  guns  was  just  let  in  to  be  docked,  and  weU 
stayed  by  guys  and  hawsers.  On  a  sudden  the  ship  ran  back- 
wards near  three  feet,  and  then  forwards  as  much,  and  at  the 
same  time  she  alternately  pitched  with  her  stem  and  head  to 
the  depth  of  near  three  feet ;  and  by  the  libration  of  the  water 
the  gates  alternately  opened  and  shut,  receding  from  each 
other  near  four  inches. 

In  Sussex*  By  Philip  Carteret  Webb,  Esq.  F.R»  S.  — 
In  his  garden  at  Busbridge,  near  Godalmui,  in  Surrey,  on  Satur« 
day  the  first  of  November,  1755,  at  half  an  hour  after  10  in 
the  forenoon,  Philip  Smith,  John  Street,  and  John  Johnson, 
the  gardeners,  were  alarmed  by  a  very  unusual  noise  in  the 
water,  at  the  east  end  of  the  long  canal,  near  which  John 
Street  and  John  Johnson  were  then  at  work.  On  looking 
that  way,  they  observed  the  water,  in  that  part  of  the  canaH 
in  great  agitation,  attended  with  a  considerable  noise.  The 
water  soon  raised  itself  in  a  heap  or  ridge,  extending  length- 
wise about  SO  yards,  and  between  two  and  three  feet  a^ve 
the  usual  level  of  the  water ;  after  whidh  the  heap  or  ridge 
heeled  or  vibrated  towards  the  north,  or  lefl  side  of  the  canals 
with  great  force,  arid  flowed  about  eight  feet  over  the  grass- 
walk  on  that  side  of  the  canal,  quite  up  to  the  arch.  On  the 
water's  returning  back  into  the  can^J,  it  again  raised  itself 
into  a  heap  or  ridge  in  the  middle ;  ailer  which  the  heap  or 
jridge  heeled  or  vibrated  with  greater  forpe  towards  the  south, 
x>r  right-hand  side  of  the  canal,  and  flowed  over  the  grass- 
walk,  and  through  the  rustic  arch  on  that  side ;  and  drove  a 
small  stream  of  water,  which  runs  through  it,  36  feet  back 
upwards,  towards  its  source.  During  this  latter  motion,  the 
bottom  of  the  canal,  on  the  north  side,  for  several  feet  in 
width,  was  quite  bare  of  water.  The  water  being  returned 
into  the  canal,  the  vibrations  became  less  and  less,  but  so 
strong  as  to  make  the  water  flow  several  times  over  the  south 
bank  of  the  canal,  which  is  not  so  high  as  the  north  bank.  In 
about  a  quarter  of  an  hour  from  the  first  appearance  the  water 
became  quiet  and  smooth  as  before. 

Mr.  W.  was  informed,  that  the  water  was  affected  about  the 
same  time  in  the  following  places :  In  a  miU-pond,  at  Med- 
hurst,  in  Sussex,  the  sudden  agitation  and  swell  of  the  water 
rolling  toward  the  mill  was  so  remarkable,  that  the  miller 
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UM^i&ed  a  iduice  had  been  opened  at  the  upper  end  of  the 
pond,  and  had  let  a  back-water  into  it ;  but  on  search  it  was 
round  to  be  shut  as  usual.  Below  the  mill  the  swell  of  the 
water  was  so  great,  as  to  drive  th^  stream  upwards,  back  into 
the  conduit  of  the  mill.  At  Lee,  in  the  parish  of  Whitley,  in 
Surrey,  about  five  miles  from  Busbridge,  between  Busbndfie 
cmd  Medhurst,  the  water  in  a  canal  or  pond  belonging  to  Mu 
Luff  was  £0  violently  agitated,  that  tlie  gardener,  on  the  first 
i^pearance,  ran  for  help,  thinking  a  number  of  otters  were 
under  the  water,  destroying  the  nsh.  In  a  mill-pond,  near 
Guildford,  in  Surrey,  a  Uke  swell  and  agitation  of  the  water 
was  observed  by  several  persons,  one  of  whom  stood  all  the 
time  on  a  bridge  of  wood,  over  tli^  pond.  Not  the  least  tremor 
or  motion  of  the  earth  was  felt  m  any  of  these  places,  or  at  the 
bridge  at  Guildford. 

At  Cranhrooky  in  Kent  By  Wm. Tempest,  E^,  F.R.  S.— 
The  people  here  are  very  much  alarmed  on  account  of  an 
earthquake,  which  happened  last  Saturday  (November  the 
1st)*  I  felt  nothing  of  it,  but  some  people  &ncied  they  did. 
I  do  not  hear  that  uie  earth  moved ;  only  the  waters  of  several 
ponds,  in  this  and  the  adjacent  parishes,  were  in  such  motion, 
tliat  they  overflowed  their  banEs,  then  returned  .back,  and 
oy€9^owed  the  other  side. 

.  Near  7[\i.nbridge.  JB^  John  Prinole,  M.D.  F.R.S. — 
The  |>ond  at  Eaton  Bridge,  near  Tunbridge,  is  about  an 
acre  m  size,  and  across  it  is  a  post  and  r^l,  which  is  almost 
eovered  b^  the  water.  Some  people  heard  a  noise  in  the  water, 
and  imagming.something  had  tumbled  m,  ran  to  see  what  was 
the  matter ;  when,  to  their  surprise,  they  saw  the  water  open 
in  the  middle,  so  that  they  could  see  the  post  and  rail  a 
long  way  down,  almost  to  the  bottom,  and  the  water  dashing 
up  over  a  bank  about  two  feet  high,  and  perpendicular  to  the 

Smd.    This  it  did  several  times,  making  a  great  noise.   They 
d  not  feel  the  least  motion  on  the  shore,  nor  was  there  any 
wind,  but  a  dead  calm. 

In  Peerless  Pool,  near  Old  Street^  London.  By  Thomas 
Birch, />.2>. —  On  the  reports,  received  from  several  gen- 
tlemen, that  the  agitation  of  the  waters  observed  in  many 
mrts  of  England,  Scotland,  Ireland^  Holland,  &c.  on  Saturday  , 
Nov.  }.  1755,  had  been  likewise  noticed  in  Peerless  Pool,  near 
Old  Street  Road.  Dr.  B.  went  thither  on  Saturday,  Dec.  6. 
1755,  and  took  down  the  following  particulars  relating  to  it, 
from  an  eye-witness.  Between  10  and  11  in  the  morning, 
accidentally  casting  his  eye  on  the  water,  he  was  surprised  to 
fee  it  greatly  moved  without  the  least  apparent  cmis^,  ^i  the 
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dh"  was  i^uite  csSh.  TUSb  ottMbwA lSmA&^mi» Ml i 
i>anion  to  take  nolaee  of  it,  Whd^  first  ti(^gle^te4it^^i)l  being 
urged  t^  attend  to  so  e^rftordSiMnyan  Bp^Mrtfiite^hfe.vitae 
equallr struck ^ith tile sfghr dP i&  'Ltt^gd wst^ f«U^<^8)9Wly 
to  and  from  the  bank  near  than;  at  &•  ettstr^end^ibr'flofae 
time,  and  at  last  left  the  b^  i»f^e  poAd  ity  lbr«a0vei«ilbet» 
and  in  their  reflux  oTerfld^eJ  the  bank  10  dp  1^'fefct,  as^  th*y 
£d  the  opposite  one,  which  ^M^videtit'fhmi'the'Wiethess'ef 
the  ground  about  it.  '1  :   ..  ,.» 

On  the  1st  of  November  last,  ax  about  llo'dookindienQaora^ 
ing*,  as  Mr.Paund^fort'ft  gard^n^  wato- standing!  by  nfisb^xmd 
in  the  garden,  he  lelt  a  md8l'Ti0l^Atb*etnbUi^vof  tiie^*ieartf^ 
directly  under  his  feet,  ^hkfa  lasted  4ipwakls  ctf  50  aeeoiidii  t 
immediatdy  after  which  rhe  obiew^d  that  ite^-watenSn'the 
pond  was  in  a  very  unusual  modotiy  and  suddetd^^thtomsn  en 
the  (^posite  »d<e,  leaying^ithfit  ^m  whiclr  he  steed  quits!  ^^ 
fbr  the  space  of  two  ya^,  snd  edntinuad  in^fhat'^fltiibe  l^i^ 
about  two  minute,  wh«i  it  returned  as  bdbrcf,  andMeoUecitiHg 
In  or  near  the  middle  of  ^epond^Toseriribout'^tticheatabove 
the  level  of  the  Water  on  eaeh  side,  aiid^ieoiitmued  aq^^  t#d 
minutes  in  violent  aghatlon,  wtneh  tte  gardener  deaoribedtto 
be  like  th^  bpilio^  of  a  pot  *  '  :  .  -  ;  :>  > :  ^  •  -  ;n  -'^  J 
;  At  theSaittetime<]lap^n€iarite,'at>Ga{v«rjhfiB^ 
shire,  a  mile  distant  from  Readings  was  alngBMUobwhh^atery 
great  noise,  as  if  part  (^  die  house  hadt^i^i  ftHkig^oivti ;  oil 
examination^  however,  it  didiiot!a]qwBfLthatftii0^hQitsd)i9as4it 
all  damaged ;  but  a  vine,  which  grew.aga»it  4tkf  itaft  broken 
off,  and  two  dwaif-trees,  such  as areu^ ihi^^polm:im^g^ 
ivere  split  by  the  shock.    •  .-  t  -        .. 

In  Oxfordskire,  at  SkMntrnr  CasOe.  JB^f^JLordrJ^Uommi 
PARiCEtt.— On  Saturday,  November l.alitlteiAeriOVdatk 
in  the  forenoon,  walking  in  the  giuxlen  fit  8hiibUm'C!a9ile»  he 
perceived  the  gatxlener,  who  was  coming  iio<«|adsThi>i»  by  the 
end  of  the  moat,  on  a  sudden  stop  short,  and  loehreiirpestly  into 
the  water.  He  went  towards  him,  and-  perceived  iKAnediaftely 
a  very  strange  motion  in  the  water.  *There  was  a  preH^r  tlMck 
fog,  nota  breath  a£  air,  and  the^ur&ce  of  tte  water  nH^^x^vear  the 
moat  was  as  smooth  as  a.looking^hissr  yet  itt^  Aat-ieoiner  of 
the  moat  near  which  he  stood  the  water  flowed  !i»|o  the  «bff[^ 
iand  retired  again  successively,  in  a  surprising^  mentker*  -  The 
flux  and  reflux  were  quite  r^ular.  Every  flood  tosgan  gently ; 
its  velocity  increased  by  degrees,  till  at  last,  wiUi  great  im- 
petuosity, it  rushed  in  till  it  had  Reached  its  full  h^^it,  at 
which  it  remained  for  a  litfte  vriiile,  and  then  again  retlredsttt 
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first  geiitljr ebbing»  atliastsuking awfiiy  with  sach  quickneM^ 
that  It  left  a  considerable  quantity  of  water  entangled  among 
the  pei)ble0,  laid  to  defend  the  bank,  which  run  thence  in  little 
streams  over  the  shore,  now  deserted  by  the  water^  which  at 
iiFthertimes^  always  covets  it*       . 

In l}€Vonskire> andCcfnwidi  atPfytno/uAj  Sfe»  By  JqhIt 
HtrxHAM,  M,D.  F.ItS, —  Saturday,  November  1;,  about 
foinr  P.M.^  we  had  (just  about  high  water)  an  extraotdinary 
boar,  as  tiie. sailors  call  it.  The  sea  seemed  disturbed  about 
20  minutes  before,  though  there  was  very  little  wind  that  day^ 
oir  for  some  days  before^  One  of  our  surgeons,  who4iad  then 
just  crossed  the  ferry  at  Creston^  a  mile  to  the  soutib-^ast  of 
jPlymouth^  said,  that  the  tide  had  made  a  vary  extraordinary 
out  {or  recess),  almost  immediately  a^ier  high  water  (about 
four  P.M»)^  and  left  both  the  pafisage4>oats,  with  some  horsey 
at  once  qmte  dry  in  the  mud,  though  they  had  been,^  a 
minute  or  two  before,  in  four  or  £ve  feet  water ;  in  less  thaA 
eight  minutes  the  tide  returned  with  the  utmost  rapidity^  and 
floated  both  the  boats  again,  so  that  they  had  near  six  feet 
waten  The  sea  sunk  and  swelled,  though  in  a  much  lest 
degree^  for  near  half  an  horn*  longer.  It  was  said,  that  at  thm 
next  raomii^'s  tide'there  were  several  ver^  large  surges.  This 
boar  drove  several  ships  from  their  moojpings,  and  broke  som* 
c^  the  hawsersy  and  twirled  the  ships  and  vessels  round  in  a 
very  odd  manner. 

OntheCooiiofComupal.'  By  the  Bev,Wihi,i  am  Borl  As:e. 
-^A  little  altcfr  two  o*dock  in  the  afternoon,  about  half  an  h&ur 
oiler  ebb,  the  sea  was  observed  at*  the  Mounts'  Bay  pi^  to 
ttdvanoe  suddenly  from  the  e^tward.  It  continued  to  swell 
nod  rise  for  the  space  of  10  minutes ;  it  l^en  began  to  retire^ 
Iruhnrng  to  the  west  and  south-west,*  with  a  rapidity  equal  to 
that; of  a  mill-stream  (descending  to  en  undershot-wheel;  it 
ran  so  for  about  10  minutes^  till  the  water  was  ^six  feet  loiwer 
than  when  itbeganto  retire.  The  sea  then  began  to  return^ 
and  in -10  minutes  it  was -at  the  before  mentioned  extras 
Ordinary  he^ht ;  in>  ten  minutes  >more  it  was  simk  as  before  ; 
and  so  it  contimied  alternately  to  <  rise  and  fall  between:  fiv« 
and  six  feet,  in  the  same  spaoe>of  t«ne«>  The  fo'st  and  seciHid 
fluxes  and -refluxes  were^not  so  violent  at  the  Mount  Pier  as 
the  third  and  fourth^  when  the  sea  was  rapid' beyond  express 
sion,  and  llie  alternations  »cohttfiuedi»  their  full  fUry  for  two 
hours ;  they  then  grew  famter  gradually,  and  the  whole  com^ 
motion  ceased-  about  low  water,*  5^  hours  alter  it^  began. 

Many  other  similar  aecounts*  were^  also  given,  as  observed 
both  in  tbe  sea^and^inlan^  lakes  &  as  at  Swansea;  on  ^e 
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coasts  of  Norfolk  imd  Lincolnshlrey  &c. ;  the  kdces  ia  Cmn- 
berland ;  a  pond  near  Durham,  at  half  past  10  o'clock ;  at 
Loch  Ness,  Loch  Lomond,  &c.  in  the  north  of  Scotland,  about 
10  o'clock. 

It  appears,  abo,  by  commmiications  sent  from  abroad,  that 
the  like  agitations  of  the  water  were  observed  at  the  Hagii% 
Leyden,  Haerlem,  Amsterdam,  Utrecht,  Gouda,  and  Rotter* 
dam,  and  also  at  Bois-le-Duc,  about  11  o'clock  on  the  1st  of 
November ;  and  likewise  at  Kingsale  and  Cork,  in  Ireland^ 
between  two  and  three  o'clock. 

Of  an  eaOraordinary  AUeraUion  in  the  Baths  of  TopHise^  « 
Bohemia,  on  the  1st  (fNopember,  1755.  *^  Qn  the  1st  o^  No* 
Tember,  1755,  between  11  and  12  in  the  morning*  the  chief 
^ring  cast  forth  such  a  quantity  of  water,  that  in  the  space 
of  htdf  an  hour  all  the  baths  ran  over.  About  half  an  hour 
before  this  vast  increase  of  the  water,  the  sping  became 
turbid,  and  flowed  muddy ;  and,  having  stopped  entirely  neac 
a  minute,  broke  forth  s^ain  with  prodigious  violence,  driving 
before  it  a  considerable  quantity  of  a  reddish  ochre,  crocUa 
martialis.  Afler  which  it  became  clear,  and  flowed  as  pure 
as  before,  and  continues  still  to  do  so ;  but  it  supplies  more 
itater  than  usual,  and  that  hotter,  and  more  impregnated  with 
its  medicinal  quality. 

The  accounts  brought  flrom  Norway  infcmn  us,  that  simi'» 
lar  observations  were  made  there,  almost  at  the  same  time. 

In  the  Lead  Mines  in  Derbyshire.  By  the  Bev*  Mr* 
Bullock.  —  Two  miners  say,  that  on  the  morning  of  Nov.  L 
^ey  were  employed  in  carting,  or  drawing  along  the  drifts 
the  ore  and  other  minerals  to  be  raised  up  the  shafts.  The 
drift  where  they  were  working  is  about  60  ftthoms,  or 
120  yards  deep,  and  the  space  of  it  from  one  end  to  the 
other  upwards  of  50  yards.  They  were  suddenly  surprised 
by  a  shock,  which  greatly  terrified  them.  They  durst  not 
attempt  to  climb  th%  shaft,  lest  that  should  be  runnmg  m 
on  them,  but  consulted  what  means  to  take  for  their  safety* 
While  they  were  thinking  of  some  place  of  refi:^e,  they  were 
alarmed  by  a  shock  much  more  violent  than  the  former ;  which 
put  tliem  in  such  a  consternation,  that  they  both  ran  pre* 
cipUately  to  the  other  end  of  the  drift.  Soon  after  they  were 
again  alarmed  by  a  third  shock;  which,  after  an  interval  of 
about  four  or  five  nunutes,  was  succeeded  by  a  fourth.;  and 
about  the  same  space  of  time  after,  by  a  fifth;  nosie  of  which 
were  so  violent  as  the  second.  They  heard  after  every  shock 
a  loud  rumbling  in  the  bowels  of  the  earth,  which  continued 
for  about  half  a  minute}  gradually  decreasing,  or  q>pearingat 
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.a.^;reat^r  ^tance.  Tl^ey  imagined,  that.ths  whole  Sj^ce  of 
'tliue,  from  the  first  shock  to  the  last,  was  about  20  minutes. 
JTh^y  remained  about  10  minutes  in  the  mine  afler  the  last 
shock;  when  they  thought  it  advisable  to  examine  the  pat(- 
si^e9«,and  to  get  out  of  the  mine,  if  possible.  As  they  went 
aldnk  the  (Icifls,  they  observed,  that  several  pieces  of  minerals 
tiad  oroppe^d  0:6m  the  sides  and  roof,  but  all  the  shafts  remained 
^&^xe»  withoiit  the  least  discomposure. 

^count  ^  the  Earthqtuihe  at  Lisbon^  Nov.  1. 1755.—-  On 
ihe  first  instant  (KTov.  1755),  about  40  minutes  past  nine  in 
^e  morning  was  felt  a  most  violent  shock  of  an  earthquake: 
it  seemed  1;0  last  about  the  tenth  part  of  a  minute,  and  th^i 
^  came  down  everv  church  and  convent  m  the  city,  together 
with  '  the  King  s  palace  and  the  magnificent  opera-house 
^adjoining  it ;  in  short,  there  was  not  a  large  budding  that 
escaped.  Of  the  dwelling-houses,  there  might  be  about  one 
/ourfli  of  them  that  fell,  which,  at  a  very  moderate  com» 
Iputation,  occasioned  the  loss  of  thirty  thousand  lives. 

The  shocking  sight  of  the  dead  bodies,  with  the  shrieks  and 
*cries  of  those  who  vrere  half  buried  in  the  ruins,  are  only 
knofwn  to  those  who  were  eye-witnesses.  It  far  exceeds  afi 
description ;  for  the  fear  and  consternation  was  so  great,  that 
^the  most  resolute  person  durst  not  stay  a  moment  to  remove 
a  few  stones  off  tlie  friend  he  loved  most,  ttiough  many  might 
have  been  saved  by  so  doing ;  but  nothing  was  thought  of 
but  self-preservation :  getting  into  open  jjaces,  and  into  the 
inlddle  of  streets,*  was  the  most  probable  Security. 
^  *  Suiih  as  were  in  the  upper  stories  of  houses  were  in  general 
"hiore  fortunate  than"  those  that  attempted  to  escape  by  the 
*door8  ;  for  these  were  buried  under  the  ruins  with  the  greatest 
Jtiart  of  th^  foot-passengers  :  such  as  were  in  equipages  escaped 
TCSt,  tliough  their  cattle  and  drivers  suffered  severely ;  but 
'those  lost  in  houses  and  the  streets  are  very  unequal  in 
^Umbef  to  those  that  were  buried  in  the  ruins  of  churches ; 
for  as  it  was  ai  day  of  great  devotion,  and  the  time  of  cele- 
brating mass,  all  the  churches  in  the  city  were  vastly  crowded, 
%nd  the  number  of  diurches  here  exceeds  that  of  both  London 
and  Westminster ;  and  as  the  steeples  are  built  high,  they 
*tno6tIj^fell  with  the  roof  of  the  church;  and  the  stones  are  so 
large;  that  few  escaped. 

.\  Had  the  hdisery  ended  here,  it  might,  in  ^ome  degree,  have 
idtnitted  df  redress ;  for  though  lives  could  not  be  restored, 
*yfet  th^  imthense  riches  that  were  in  the  ruins  might,  in  sonf6 
part,  have '\)een  digged  out:  but  the  hopes  of  this  are  almost 
^dne,  for  ill  abdut  t^o  hours  after  the  shock,  fires  brbke  out 
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and  'thj^  kitchen-^tes  being  all  jumbled  togetfier.  About  tli» 
titne,  alsd,  the 'whrd^' fronfi  being  perfectly  cblvtSy  «prang  Up^a 
fresh  gale,  which  madje  the  fire  rage  mih  such  fury,  that  at 
the  end  of  three  dayis  M  the  city  was  reduced  to  cmders. 
]  Indeed  every  element  seemed  to  conspire  to  pur'  destruc- 
tion 5  for  soon  after  the  shock,  which  was  near  high  Water, 
the  tide  rose  40  feet  higher  in  an  instant  than  was  ever  known, 
and  as  suddenly  subsided.  Had  it  not  so  done,  the  whole 
feity  must  have  been  laid  under  water.  As  soon  as  we  had 
time  for  recollection,  nothing  but  death  was  present  to  our 
hnaginatiohs.     '       , 

We  are  still  in  a  state  of  the  greatest  uhdeHamty  and  con- 
Ihsion,  fof  we  have  had  in  all  22  different  shocks  since  the 
first,  but  ncme  sb  violent  as  to  bring  any  houses. dbwn  in  thfe 
outskirts  of  the  town,  that  escaped  the . first  shock;]  but 
hobody  yet  yenturfes'  to  lie  in  hgusef;  artd  though  we  are  i^ 
general  exposed  to  tlie  open  sky  fdr  want  of '  material  to 
make  tents,  and  though  rain  fias  fallen  seveiral  nights  past, 
yet  the  most  delicate  people  suffer  these  diftcuxties  with 
as  little  inconvenience  as  the  most  robust  and  healthy,  "Every 
thing  is  yet  with  us  in  the,gre^test  confusion imaginable  t  wp 
have  neither  clothes  nor  conveniences,  nor  mon^y  to  send  f<k 
them  to  other  cQuntries.  '  "      .    \    \ 

Two  days  after  the  first  shock,  orders  were ^ven  to  di^  fiM^ 
the  bodies,  and  a  great  many  have  lieen  taken  up  find  reco- 
vered. Our  correspondent  lodged  in  a  house  where  there  were 
S8  inliabitants,  and  only  four  saved.  In  the  prison  8Q0  were 
lost ;  1200  in  the  general  hospital ;  a  great  number  of  convients 
of  400  in  each  lost ;  the  Spanish  ambassador  with  35  servants* 
The  King  and  the  royal  family  were  at  Belime,  $,  palace 
about  a  league  out  of  town.  The  palace  m  tovn  fell  in  the 
first  shock.  The  shock  "has  be^i  felt  all  over  the  kingdom, 
6ut  along  the  sea-side  more  particularly.  Faro,  SttJbal*, 
and  some  of  the  large  trading  towns,  are,  if  possible,  in  a  worse 
situation  than  here  -y  though  the  city  of  Porto  has  ^quijljie 
escaped. 

It  is  possible,  that  the  cause  of  all  these  misfortune^.came 
from  under  the  western  ocean ;  for  a  captain  of  a  ship,  a  very 
sensible  cpian,  said  that  he  vpas  50  Jeaguesoff  ^t  sea;  that 
tlie  shock  was  tWe  so.  violent  as  greatly  to  injure  th^  det^ 
of  his  ship ;  it  occasioned  him  ,to  think  that  he  had  mistaken 
his.  reckoning,  and  struck  upon,  a  rock,  and  they  instantly 
hawled  out  their  long-boat  to  save  themselves ;  but  happily 
brought  the  ship,  though  much  injured,  into  this  harbour. 
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-  The  shodcs  bsted^betwera  fi^  and  sev^a.mtnutefl^^-  'Sha 
Verjr  first  «kookJwasexfremel3r8boi:ty  but  then  it  wasat  quMi 
as  lightning,  succeeded  by  two  others,  which,  in  the  geBfird 
way  of  specking,  «vcinentk)ned  all  together  as  only  one  iSbock. 
About  1^  o^dotk  we  had  a  second  shock. 

The  day  beSsrethe  earth^oakerthe;  atmosphere,  and  lighl 
of  the  sun,  had^the^ appearance  (oficloads  and  notable  offiieciH 
Cion,  mid  more  stcong  and  visible  at  the  actual  time  of  the 
great  shockj  which  was  by  tmdnlatioir,  and  lasted  from  six  to 
eight  minutes;  U^nained  nbtx)nly  this  populpua  city,  but  all  the 
southern  part  ofliie  eeuntry.of  Estremadura^  and  a  great  pari 
of  the  kingdom  tifi^garre^  The  earth  opened  in  fissures  m 
several  parts,  but  neither  fire  nor  Ytstble  smdke  came  out  of 
it.  The  water  ia  Hie*  sea  rose  several  times,  and  in  a  few 
minutes  made  three'  fluxes  and  refluxes,  rising  d[)ove.the 
greiatest spring-tides  aboutl 5' -English  feet.     '    : 

At  Morocco,  by  the  falling  down  of  a  great  nundber- of 
houses,  many  people  k>st  their  lives ;  and  about ^i^ht  le^^u^ 
from  this  city,  the  earth  opened,  and  swallowed  up  a  villagei 
with  all  the  inhalntimtS'^who  were  known  by  Ihe  name  :€(f  tla« 
sons  of  Busunba),  to  the  number  of  about  8000  or  10,80Q 
persons,  with  their  cattle  of  all  sorts,  as  camels,  horses, 
horned  cattle,  Ac.  and  «oi»r  alter  the  earth  was  closed  againy 
in  the  same  manner  as  it  was  before. 

At  Fez  and  Mequinez)  on  the  18th  of  November,  there 
happened  another  earthquake,  which  was  more  violent  tfaam 
the  first,  and  lasted  tifi  break  of  day  on  the  19th;  during 
which  time  great  numbers -of  hi^uses  fi^l  at  Fez :  many  peoj^e 
of  both  sexes  were  buned  trader  their  ruins;  and  as  to  M©- 
quinez,  there  are  but  few  houses  lef^  standing.  The  people 
killed  \w  the  falling  "of  the  houses,  besides  the  womided>  ar^ 
numberless ;  and  in  the  part  of  the  town  called  the  Jews' 
Habitation,  only  eight- persons  were  saved. 

The  famous  city  of 'Tasso  was  wholly  swallowed  1^7:110 
remains  were  left.  •'  - 

Of  the  jSart^uc^Jek^^tBosionj  in  New  En^nd^  Nov.  la 
1755.  By  John  Mydb,  Esqi^  F.R.S.-^TviesdsLjy  Nov.  18. 
1755,  about  half  an  hour  past  four  in  the  morning,  Mr;  H. 
was  awakened  by  the  shakmg  of  his  bed  and  the  ho«»e ;.  the 
cause  of  which'  he  immediately  concluded  could  be  nothing 
but  an  earthquake^  having  experienced  one  before.  '  The 
trembling  continiied  about  two  minutesb^  Near  100<chimnies 
are  levelled  with- the  roofs  of  the  houses:  many  more,  pro- 
bably not  fijwer  than  1200  o^  1500,  are.^hattered*j  and  thrown 
down  in  p^t ;  so  that  in  some  places,  espeQially  pn   the 
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low  lo08e  grouiK}^  made  by  encroachments  on  tk&-  hfU^ 
bour,  the  streets  are  almost  covered  with  the  bricks  thfli 
have  fallen. 

Of  the  Earthquake  felt  in  New  York,  Nov.  18.  1755.  Bjf 
Cadwallader  Golden,  JSsq,  —  A  few  minutes  past  four  in 
the  morning,  Mr.C.  was  awakened  with  the  shock  of  the  .earth- 
quake. He  plainly  heard  the  noise  like  that  of  carts  or  pave* 
ments,  going  to  the  eastward,  with  now  and  then  a  noise  like 
the  explosion  of  a  great  gun  at  a  distance.  It  was  felt  about 
four  o'clock  at  Philadelphia,  and  half  past  four  at  Boston,  and 
was  more  violent  to  the  eastward  iJian  the  westward;  and 
there  was  an  eruption  at  a  place  called  Scituate^  about  20  or 
30  miles  to  the  southward  of- Boston. 

Of  die  Earthquake  felt  m  Pennsylvania^  Nov*  18.  1755^ 
—  About  four  o'clock  this  province  was  pretty  generaUy 
alarmed  with  the  shock  of  an  earthquake.  It  gradually 
increased  for  one  minute  to  such  a  degree  as  to  open  the 
chamber-door,  by  drawing  the  bolt  of  the  lock  out  of  the 
staple.  Some  people  thought  they  felt  its  continuance  five 
or  six  minutes,  but  the  writer  thinks  it  did  not  exceed  one, 
nor  was  it  less. 

On  the  Agitation  of  the  Watersy  Nov.  1. 1755,  in  Scotland 
and  at  Hamburgh. -^  AhoMt  10  o'clock  of  the  forenoon  of 
Nov.  1.,  a  gentleman  at  Queen's  Ferry,  a  sea-port  town  on 
the  Frith  of  Forth,  about  seven  mOes  higher  up  than  Leitii, 
d)served  the  water  rise  very  suddenly,  and  return  again  with 
the  same  motion,  whi/ch  he  judged  to  be  about  12  or  18 
inches  perpendicular,  which  made  the  barks  and  boats  then 
afloat  run  forwards  and  backwajpds  on  their  ropes  with  great 
rapidity;  and  this  continued  for  three  or  four,  minutes^  it 
being  then  cakn ;  but  after  the  second  or  third  rush  of  water 
the  agitation  diminished. 

The  following  phenomena  are  well  vouched  to  have  hap- 
pened at  Hamburgh,  the  1st  of  November,  1755.  In  one  of 
the  churches  many  persons,  that  were  present,  observed  an 
agitation  of  the  brancned  candlesticks  hstfiging  from  the  roof, 
about  one  in  the  afternoon.  In  another  church,  the  cover  of 
the  baptistery  hanging  from  the  roof  was  also  remarked  to 
be  agitated ;  and  the  like  motions  are  said  to  have  haf^ened 
in  other  churches.  Also  the  water  in  the  canal  through  the 
town,  and  in  the  river  Alster,  was  agitated  the  same  day. 
It  is  described,  first  to  have  formed  several  gentle  whirlpools, 
then  to  have  risen  more  and  more  impetuously;  throwing 
about  mud  brought  up  from  the  bottom,  and  at  last'  to  have 

Digitized  by  VjOOQ  IC 


]!5p^  W(xn/^leiM  Con/huratums  of,^  the  smallest  shining  Pitr* 
tidies  of  SnoWt  with  several  Figures  pf  them*    By  JoBV 
':  N^TTi^M.D.'-  [17550 

oi.iTM'.WQatiter  being  intensely  eoW  m  the  year  1740,  the 
tOM  itixioh  fell  waa  hard,  entire,  and  pellucid,  and  8om«^ 
poijtiisfeb' being  received  on  a  {)encU,  were  placed  on  a  plane 
1^9 l^bteuiMler  the  objesct-giaas  oC  the  best  microscopes ; 
thq^reat^st:  care  was  taken  that  the  smalleM^  particles 
might  not  be  dissolved,  either  by  the  breath  or  perspiration 
dt.^e.hKnd8^1est  the  little  angles  might  bjr  the  least  degree 
^  waniith  disappear.  And^us,  with  tins  ai^ratus  and 
^bN8l<i  precautions,  the  extreme  exactness  and  equality  of 
ihe  figures  of  their  most  minute  particles  might  be  observed 
•lid  £Hiieated» 

:.  iSome  consisted  <0f  long  round  spiculjes  others  approached 
Icrra  toBaxA  %Mr^  i^ade  up  of  small  gloi^ules;  but  these  were 
observed  to  be  opaque,  as  the  air  was  disposed  to  thaw ;  but 
iKhtotbeaiir  was  frosty,  ma»y  slender  hexangular  figures 
S|>peai:ed^j9ome  of  equal,  others  of  unequal  sides* 
ivo Severallitlle  stars  seemed  to  consist  of  six  oblong,  round» 
bexaftgtdior  lamells^.  or  indeed  of  six .  rays  terminating  in 
{imiats ;  which  littb^  stars  appeared  to  be  formed  of  six 
f»foiie  rhomboidal  particles.  Several  plane  hexangular  par* 
^/i/^  ni  equal  sides,  or  oblong  faexangulars,  adhered  to 
iiBmr^  of  ^tese  stars,  either  at  their  extremities,  or  at  eadi 
aid^  ofi  every  ray.  Sooi^  he^tangular  lamellae  of  equal  sides 
were  adorned  all  round  with  six  other  lamellae  of  the  same 
figure  and  size,  or  wiUi  hexangular  oblong  lamellae,  and  to 
t£e^04ig!iiietimes  adhered  several  others,  more  or  less.  Many 
of  lhose.hexangulars  were  ornamented  with  six  rays,  an4  i^ 
Ijiese  w^re  fixed-  the  most  slender  lamellae,  which  were  also 
te»u9giilar„  t!^  equid  or  unequal  sides :  but  of  equal  angles 
of  60  degrees ;  and  to  these  lamellae  others  like  them  adhered, 
tt^ine  greater  and  some  less,  but  most  of  the  latter ;  and 
yaoLous  other«»  like  the  fortifications  of  cities,  appeared  to  be 
joined  to  long  hexangular  spiculae,  and  plane  hexangles  of 
eqjialisides. 

r.  And  though  a  vast  variety,  of  these  configur^ons  of  snow 
jQUiy  fail  or  vanish  in  the  same  naoment,  yet  the  smaller  par- 
tidesy  from  their  various  combinations  with  each  other^  con- 

Digitized  by  VjOOQIC 


374 


ON  TBS  VfOURBS  OF  SMOVfCRTUA&A. 


stituting  thin  frondeMl  variety  cficodigiHMtiona  of  ^imMOtm, 
were  observed  by  him  to  be  compr&eoded .  under  iheae 
following  forms;  viz.  of  parallelograms^  or  oblong,  straight, 
or  eblique  quadrfuiglesv  rhombs,  rhomboids,  trapezia,  or  of 
hexangwar  forms  of  equal  or  mieqnal  sides,  whose  aiiglee 
are  60  degrees;  and  these  hexangular  particles  were /far 
more  numerous  than  Uiose  of  any  other  form. 
The  natural  size  of  mo^t  of  the  shining  quadnmgtilar  par- 


ticles, and  of  the  little  atars  qf  snow,  as  well  the  simple  as 
the  less  compound  ones,  does  not  exceed  the  twentieth  nart 

Digitized  by  V  * 


y^lLlQWr  OH  V0S8I&  SHSIAK  $79 

c^an  inch;  nar  do  llie  more  compound. partftfetf.t^eflftli 
df  an  inch. 


Cf  the  Fossil  Shdls  ccdkd  Orihooer^tttUet.  ^  ^  Bdwab9 
Wright,  M.D.^\IU5.'] 

Pjblaqian  or  ocean  shells  are  frequently  found  fossil  very 
near  the  surface,  as  every  naturalist  knows ;  which  proves, 
that  such  places  have  formerly  been  the  seanshore.  The 
greatest  depths  of  the  sea,  as  yet  sounded,  have  been  found 
to  be  about  3000  fathoms,  and  the  ordinary  depths  are  about 
150;  which  makes  it  evident,  that  such  fossu  shells  ought 
never  to  be  found  at  less  depths  in  the  earth  than  from  150 
to  SOOO  fathoms.. 

Though  fossil  shells  are  to  be  found  in  almost  all  the  lower 
parts  of  the  sur&ce  of  the  earth,  yet  there  are  certain  very 
large  tracts,  where  such  bodies  are  never  found,  viz.  the 
mountains,  which  seem  ta.be  the  remains  of  the  origini^ 
strata  of  the  earth.  .  In  the  Alps,  Apennines^  and  Pyre- 
nees, no  shells  nor  marine  bodies  of  any  kind  are  to  be 
found:  in  the  Ochels>  a  branch  of  the  large  Grampian 
mountains  in  Scotland,  which  Dr.  W.  had  occasion  diligently 
to  examine,  he  could  discover  no  marine,  bojdies.  The  same 
is  observed  of  all  the  large  mountains  of  Africa,  and  of  Asia.; 
and  in  the  huge  chain  of  Cordilleras  in  Perou,  Mons.  cu^  la 
Condamine  searched  in  vain  for  such  bodies.  This  kind  of 
mountaiasy  whidi  indeed  alone  deserve  that  name,  are  chiefly 
composed  of  vitrifiable  matter ;  and  if  they  are  sometimes 
found  to  contain  sea-shdls,  it  is  never  at  great  depths,  npr 
in  their  original  metallic  or  stcmy  strata ;  though  such  bodies 
are ' found  in  great  abundance  at  the  foot  of  mounttdns,  and 
i^  the  adjacent  yallies,  in  which  there  are  many  eminences 
Jn  some  p^ts  continued  in  small  chains,  though  but  of  little 
extent,  which  contain  marble,  sea-shells,  chalk,  and  other 
calcina^le  matter,  bujt.  ne^ver  any  veins  <^  metal,  tliough  we 
frequently  find,  in  them,  pyrites^  ochre,  vitriols^  and  other 
minerals,  which  have  h^en  washed  down  fram. veins  of  iron 
and  other  ntetals,  with  which  th^  higher  mountains  abound, 
and  have  afterwards  been  depo9ited  in  the  calcareous  strata 
of  the  vallies. 

It  is  certain,  that  all:  our  fossil  shells  are  foreign. to  our 
climates,  except  such  as.  are  common  to  the  whole  globe. 
Besides,  we  find  not.  only  a  very  great  quantity  of  fossil 
-shells  .and  other  marine  bodies,  but  also  a  great  number  of 
impressions  of  foreign  plants,  mostly  of  the  capillary  kind,  on 
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dates  and  other  stones ;  and  it  is  ncnr  certain,  that  all  the 
fossil  wood  of  Loughneagh,  in  Ireland,  (as  in  most  other  places  '' 
where  such  wood  is  found)  has  been  produced  in  a  different  ' 
fdimate.    Bones,  and  even  entire  skeletons  of  rhinoceroses,- 
ei^hants,  and  other  foreign  land  animals,  are  discovered  - 
pretty  commonly  through  aU  Europe.    All  these  substances 
are  conmionly  found  near  to,  or  in  the  same  strata  with,-  ' 
fossil  shells,  and  other  marine  bodies ;   and  all   of   them, 
whetlier  original  productions  of  sea  or  land,  appear  evidently, 
to  have  been  deposited  in  the  places  where  we  now  find  thettii* 

There  are  many  observations  which  seem  to  prove  that  the 
earth,  or  at  least  many  parts  of  its  surface,  have  suffered  1)y 
fire ;  not  to  mention  the  marks  of  it  observed  on  many 
mineral  substances.     The  artificial  production  of  potteraT 
earth  or  clay  is  a  yery  strong  argument  in  support  of  thiff' 
(pinion.    Potters*  earth,  as  is  well  known,  is  found  plentifully 
m.most  low  grounds  and  vallies,  between  mountainous  tracte, 
and  where  cScareous  strata  abound.    By  exposing  commoti ; 
flint-stones  to  the  confined  vapour  of  boiling  water  in  PapinV 
digester,  a  clay  of*  the  very  same  kind  may  be  formed,  and  ^ 
no  more  than  a  decomposition  of  the  flints.    Hence  it  would' 
appear,  that  wherever  this  clay  is  to  be  found,  there  the  earth: 
has  undergone  some  violence  from  fire. 

Chalk  is  no  more  than  the  ruins  of  sea-shells,  and  lirne-^ 
stone  consists  of  the  same  bodies  cemented  together  by  6^ 
•tony  juice.  Amber  appears  evidently  to  be  the  resin  of 
trees  (which  are  firequently  found  along  with  it  at  this  dayf 
united  to  the  acid  of  sea-salt,  which  abounds  in  the  earth. 
ITie  reason  of  insects,  straws,  &c.  being  Immersed  in  ambef^" 
absolutely  inexplicable  from  the  hypothesis  of  its  being  ^f 
mineral  origin,  is  now  no  more  a  secret ;  for  we  know  thi!^ 
nothing  is  more  common,  than  to  find  such  bodies  immersed 
in  the  resin  of  trees.  Fossil  sea-salt,  or  salt-gem,  seems  ttf 
liave  been  deposited  fn  the  quarries,  whence  it  is  dug.  AH' 
or  most  part  of  pit-coal  appears  to  be  of  diluvian  origin,  £br 
it  gives  a  caput  mortuum,  the  texture  of  which  exactly 
resembles  that  of  burnt  wood.  Large  forests  have  heetkr 
buried,  which  have  undergone  a  fermentation  and  putre&ctioil 
in  the  earth,  so  that  the  colour  p£  the  woody  part  has  heM 
dianged,  though  the  texture  has  remained  entire  enough  W 
allow  us  to  distinguish  to  what  kingdom  it  belongs*  Ail 
bitumens,  asphaltum,  petrolseum,  &c.  seem  to  be  no  moro 
than  productions  of  resinous  substances  united  with  minend 
acids,  which  have  caught  fire  in  the  earth  by  fermenting  with 
heterogeneous  matter,  and  have  thus  undergone  a  sort  of 
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nfttural  distillation  and  exaltation.  These  are  more  than 
diimerical  notions,  and  are  even  demonstrated  by  experi- 
toents ;  for  amber  can  be  produced  artificially,  as  also  bitu- 
mens by  the  distillatton  of  resinous  substances  with  mineral 
acids ;  and  there  is  great  probability  that  pit-coal  might  be 
imitated. 

Afi^  Ao(»unt  of  what  happened  at  BergemokUOy  hy  the  tum^ 
bkng  down  of  vcut  Jaeaps  of  Snow  firam  the  Mountains 
,    there^  on  March  19. 1755 [1756.] 

Ih  the  neighbourhood  of  Demonte,  as  in  the  upper  valley 
of  Stura,  there  were  some  houses  in  a  place  called  M^mo* 
lettOy  which  on  the  19th  of  March,  m  the  morning,  were 
csitnrely  overwhelmed  and  ruined  by  two  vast  bodies  of  snow 
fl^t  tumbled  down  from  the  upper  mountain.  AU  the  in- 
habitants were  then  in  their  houses,  except  one  Joseph 
Bochia,  a  man  of  about  50,  who  with  his  son,  a  lad  of  15, 
were  on  the  roof  of  his  house,  endeavouring  to  dear  away  the 
snow,  which  had  fallen  without  any  intermission  for  three 
preceding  days.  Whence  perceiving  a  mass  of  snow  tumbling 
down  toward  them  from  the  mountain  above,  they  had  but 
just  time  to  get  down  and  flee,  when,  looking  back,  they 
perceived  the  houses  were  all  buried  under  the  snow.  Thos 
22  perscras  were  buried  under  this  vast  mass,  which  was  60 
En^ish  feet  in  height. 

After  five  days,  Joseph  Rochia  havmg  recovered  from  his 
fr^t,  and  being  able  to  work,  got  upon  the  snow,  with  his 
son,  and  two  brothers  of  his  wife's,  to  try  if  they  could  find 
the  exact  place  under  which  his  house  and  stable  ^were 
buried ;  but  though  many  openings  were  made  in  the  sn<nr, 
they  could  not  find  the  desired  place.  On  the  24th  of  AprO 
the  snow  was  greatly  diminished,  and  he  conceived  better 
hopes  of  finding  out  his  house. 

His  wife's  brothers,  who  lived  at  Demonte,  went  with 
Joseph  and  his  neighbours  to  work  upon  the  snow,  where 
they  made  another  openii^,  which  led  them  to  the  house 
diey  searched  fisr ;  but  finding  no  dead  bodies  in  its  ruins, 
they  sought  for  the  stable,  which  was  about  240  feet  distant, 
and  having  found  it,  they  heard  a  cry  of  "  Help,  my  dear 
brother.*  Being  greatly  surprised  as  well  as  encouraged  by 
these  words,  they  laboured  with  all  diligence  till  they  had 
made  a  large  opening,  through  which  the  brothers  and 
husband  immediately  went  down,  where  they  found  still 
idivci  the  wife  about  45|  the  sbter  about  ^5^,^fn^  a  daughter 
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^out  IS  years  old.  These  women  :thej  raised  on  tliBtr 
shoulders  to  men  above,  who  tirew  them  up,  as  it  were  from 
the  grave,  and  carried  them  to  a  neighbouring  ^ouse:  tlihey 
were  unable  to  walk,  and  so  wasted  that  tfaej  jappeaced  like 
tnere  shadows.  They  gave  the  accotmt  that  follows:  that 
on  the  morning  of  the  19th  of  March  they  were  in  the  stable^ 
with  a  boy  six  years  old,  and  the  girl  about  13 :  in  the  same 
stable  were,  six  goats,  one  of  which  haying  brought  forth  two 
dead  kids  the  evening  before,  they  went  to  carry  her  a  smaE 
X  vessel  fuU  of  gruel ;  tiiere  were  also  an  ass  and  five  or  six 
fowls.  Very  fortunately  the  manger  was  under  the  main  prop 
of  tins  stable,  and  resisted  the  wei^  of  t^  snow,  "inieur 
first  care  was  to  lenow  what  they  had  to  eat ;  the  sister  sai4» 
she  had  in. her  pocket  15, white  chestnuts :  the  children  said 
they  had  fareaidtuited^/jand  should  want  no  more  that  day. 
Two  of  the  goats,  iKKwever,  were  lefl  alive»  and  were  near  thf 
manger ;  one:  gave  milk,  with  which  they  preserved  their 
lives.  Thr  women  affirmed,  that  during  all  the  time  they 
•were  thus. buried  they  saw  not  one  ray  of  lisht ;  yet  for 
about  twenty  days  they  had  some  notion  of  night  and  day ; 
for  when  tbe  ibwls  orowed,  they  imagined  it  was  break  of 
day ;  but  at  last  the  fowls  died. 

The  second  day,  being  very  hungry>  they  ate  all  the 
remaining  chestnuts,  and  dranx  what  milk  the  goat  Yielded; 
which  for  the  first  <]iay»  was  near  two  pounds  a  day,  but  th6 
quantity  decreased  gradually. 

On  itie  sixth  day  the  boy  sickened,  complaining  of  most 
violent  pains  in  th«  stomach,  and  his  illness  continued  six 
days ;  on  the  last  of  which  he  desired  his  mother,  who  ^1  this 
time  had  held  him  in  her  lap,  to  lay  him  at  his  length  in  the 
manner,' whei?e  he  soon  after  died. 

They  say,  during  all  this  time,  hunger  ^ve  them  but  little 
uneasiness,  exce(St  on  the  first  five  or  six  days;  that  their 
greatest  pain  was  firom  the  extreme  coldness  of  the  melted 
snow-water  which  fisU  on  them,  and  from  the  st^di  of  the 
dead  ass,  dead  goats,  fowls,  &c.  but  more  than  all  from  the 
very  uneasy  posture  they  were  .^bliged  to  continue  in ;  for 
though  the  place  in  which  they  were  buried  was  12  English 
feet  long,  eight  wide,  and  five  high,  the  manger  in  which  they 
sat  s^uattme^  against  the  wall  was  no  more  thian  three  feet 
four  inches  Droad.  For  36  days  they  had  no  evacuation  by 
stool  after  the  first  days :  the  melted  snow-water,  which  after 
some  time  they  drank  witii^out  doing  them  harm,  was  dis- 
charged by  urine.  .The  mother  said  she  had  never  slept,  but 
the  sister  and  daughter  dent  as  .usual.  ^        , 
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^  JSuay  towards  'aaemisdning.  ihe  ^ipeptfiif,  Gtmvity  of  living 
Men.  By.  Mr.  jowa  RoBSMTsaNy  F.R,  S.  —  [1757.3 
To  make  scmceaipetaiiiei^  /oa  ^tbis.  si^ect,  Mr.  R.  got  a 
ctetern  made^of  78*  indies  ia  length,  SO  inches  wide,  and  SO 
iMiies-deepf  for  fXhenefdiierent  sizes  to  be  immersed  in. 
Me  then  endeavoured^  tc^  find  ten  persons,  such  as  he  pro- 
posed to  make  the  experiments  with;  namdy,  tnro  of  six  feet 
ki^h,  tvro  oi  five  feet  ten  mches,  tiro  of  five  feet  e^ht  inches, 
tw6  of  five  feet  eiie  kicbes,aHd  two  of  five  feet  four  ii>d«s. 
A  tuler,  graduated  to  inches,  and  decimal  parts  of  an  inch, 
was  ^ed  to  one  end  of  the  cistern,  and  the  height  of  the 
water  noted  before  »manw^t  in,>  and  to  what  height  it  iiMd 
when  he  ducked  himself  under  its  sur&ce^  and  of  tSiese 
several  observatioaa  ia  the  fdlowkig  table  composed :  «^ 

Ncb  Heights.  Wt.  Solidity.  ^w^*^ 

Ft     In.     "  ^       Pels.        Cubic  Feet.         Founds. 

3  16L.....-.2.573^.^...16aa 

1Q| 147.... 2.586....*.«.161,6 

9i.....,...156 2.505.. 156-6 

6| 140 2.763 172.6 

5i -158 2.817.........17aO 

5i 158... 2.939 ...183.7 

^ 140 2.722.. 170.1      : 

3^ 132, 2.505 L56.6 

4i...........l21 2.424. 151J5 

3i.........l46.; 2.343 146.4. 

.  One  of  the  reasons^  that  induced  Mr.  R.  to  make  these 
experiments,  was  a  desire  of  knowing  what  quantity  of  fir  or 
O^K  timber  would  be  sufficient  to  keep  a  man  afloat  in  riyer 
CHT  sea  water,  thinking  that  most  men  were  specifically  heavier 
than  river  or  common  fresh  water ;  but  the  contrary  appears 
from  these  trials  i  fpr,  excepting  the  first  and  last,  every  man 
.  was  lighter  than  his  e^albulk  of  firesh  water^  and  much  more 
so  than  his  equal  bulk  ^  sea-water ;  x^onseouentlv,,.  oould 
persooB,  who  fall  into  the  wBter,  have  presence  oi  mina  eaough 
0  avoid  the  firight  usual  on  such  accidenits,  many  might  he 
pifeserved  from  drowning ;  and  a  piepe  of  woodi  not  larger  tJian 
an  oar,  would  buoy  ^  man  partly  above  water  so  long  as 
lie  had  spirits  to  ke^iiia  ^old.       . 
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0»  Pok/pes,  Fossils,  Sfc  —  [1757.] 
'  MoNs.  DoNATi  writes  that  he  has  thoroughly  satisBed 
himseL^  by  his  late  observationsy  that  poh^pes  are  fixed  to 
their  ceUs.  What  he  says  afterwards  of  coral  appears  to 
express  with  more  truth  and  precision  what  we  ou^t  to  think 
cf  this  kind  of  annuals,  than  anj  of  the  descriptions  which 
have  been  given  since  the  new  discoveries  have  changed  our 
sentiments  on  that  subject.  Polype-beds^  and  the  cells 
which  they  contain,  are  commonly  spoken  of  as  bdng  the 
work  of  pdypes.  They  are  compared  to  the  honey«comb 
made  by  bees.  It  is  more  exact  to  say  that  coral,  and  other 
coralline  bodies,  have  the  same  relation  to  the  poljpes  united 
to  them  that  tiiere  is  between  the  shell  of  a  snail  and  the 
snail  itself,  or  between  the  bones  of  an  animal  and  the 
animal  itself.  Mons.  Donati's  words  are  as  follow :  <^  I  am 
now  of  opinion,  that  coral  is  nothing  else  than  a  real  animal, 
which  has  a  very  great  number  of  heads.  I  consider  the 
polypes  of  coral  only  as  the  heads  of  the  animal.  This 
animal  has  a  bone  ramified  in  the  shape  of  a  shrub*  This 
bone  is  covered  with  a  kind  of  flesh,  whidi  is  the  flesh  of  the 
animal.  My  observations  have  discovered  to  me  several 
anafegies  between  the  animals  of  kinds  approaching,  to. Uus. 
There  are,  for  instance,  keratc^hyta,  which  do  not  differ 
firom  coral,  except  in  the  bone,  or  part  that  forms  the  prop 
of  the  animaL  In  the  coral  it  is  testaceous,  and  in  kera* 
topkyta  it  is  homy/' 

Mons.  DonaU  observed  several  very  curious  facts  in  the 
journey  which  he  made  into  the  mountains.  He  has,  in 
^rticular,  traced  out  an  immense  bed  of  marine  bodfes. 
This  bed  crosses  the  highest  mountains  which  separate 
&ovence  firom  Piedmont,  and  loses  itself  in  the  plains  of 
Piedmont.  He  has  likewise  observed  a  mass  of  rode,  which 
forms  the  extremity  of  a  pretty  high  mountain,  the  fix>t  of 
which  is  washed  bv  the  sea.  This  rock  is,  at  a  considerable 
hdght,  endrely  pierced  by  pholades,  that  spedes  of  marine 
sh^-fish  so  well  known,  which  ^s  cells  in  the  stones.  It 
hence  appears,  that  this  rock  wai^ome  time  covered  by  the 
ueoL  According  to  Mons.  Donati,  the  sea  has  insensibly 
retired  fi-om  the  parts  which  were  washed  by  it ;  and  he 
thinks  that  there  must  have  been  a  very  considerable  space 
of  time  between  that  and  the  time  when  this  mountun, 
gerced  by  pholades,  was  covered  by  the  waters  of  the  sea. 
He  deduces  his  opinion  fi*om  the  following  £act.  There  is  in 
this  rock,  pretty  near  the  surface  of  the  sea,  a^tural  cavern 
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filled  whh  water.  In  this  earth  have  been  fbund  ancient 
Roman  sarcopham  and  lamps.  Hence  it  follows  that  even  ih 
the  time  of  the  Itomans  this  part  of  the  rock,  in  which  this, 
cavern  is  situated,  was  not  under  water. 

If  all  these  different  facts  be  compared  together,  it  will  not 
be  doubted,  but  there  are  actually  under  the  earth,  marine 
bodies,  which  are  found  there  oniy  in  consequence  of  slow 
revolutions,  and  not  of  an  universal  deluge.  Perhaps  this 
notion  might  be  extended  to  the  greatest  part  of  the  majrine 
fossil  bodies  which  are  known  to  us. 


On  the  In^pressUms  of  Plants  on  the  Slates  of  Coah.  B^ 
Mr,  Emanvel  Mendss  da  CosTAy  F.E.S.  —  [1757.] 

The  impressions  of  various  kinds  of  plants  are  frequently, 
Mr.  C.  thinks  always,  found  in  some  of  the  strata  lying  over 
coal;  but  more  particularly  in  a  stratum  of  earthy  slate, 
which  always  lies  immediately  on  the  coal-stratum,  not  only* 
in  the  coal-pits  of  this  kingdom,  but  of  many  other  parts  of 
Europe,  as  France,  Saxony,  Bohemia,  Silesia,  &c.  Most  of 
these  impressions  are  of  the  herbs  capillares  et  affines,  the 
gramineous,  and  the  reed  tribes :  but  among  them  are  many 
rare  and  beautiful  impressions,  undoubtedly  of  vegetabie 
origin,  and  impressed  by  plants  hitherto  unknown  to  botanists. 
Besides  these  found  over  coal-pits,  there  are  likewise  found 
in  some  parts  of  this  kingdom,  as  at  Robin  Hood's  Bay,  in 
Yorkshire,  Colnbrookdale,  in  Shropshire,  &c.  many  curious 
impressions  of  the  fern  tribe,  in  regular  nodules  of  iron-stone ; 
and,  in  the  latter  place,  not  only  impressions  of  plants,  but 
even  the  cones  or  iuli  of  some  kinds  of  trees  are  met  with, 
very  perfect  and  fair,  and  curiously  imbedded  in  masses  of 
iron-stone. 

Most  part  of  the  impressions  of  ferns,  grasses,  &c.  are 
easily  recognisable,  they  so  minutely  tally  to  the  plants  they 
represent.  Others,  indeed,  though  they  do  not  exactly  answer 
any  known  species,  yet  have  characters  so  distinctly  ex- 
pressed, that  they  are  eaaii^  arranged  under  their  respective 
genera.  These  impressions  are  not  only  met  with  in  small 
pieces,  but  large  evident  branches,  some  feet  in  lengthy  have 
been  found.  He  had,  in  the  collieries  of  Derbyshire,  fre- 
quaitly  traced  branches  with,  seemingly,  long  narrow  leaves 
proceeding  from  them,  and  parts  of  other  vegetables,  above 
a  foot  in  length :  but  the  hardness  of  the  substance  they  are 
immersed  in  renders  it  impossible  to  get  them  out  without 
breaking  them  to  pieces.  o„;e..,Google 
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Defcripium  o/  several  smeMi  MxHnt  Animab.    ^By  Jon 

Baster,  M.D.  —  [1757.] 
If  the  sea-water  round  our  coasts 
be  moved  by  night,  either  by  throw- 
ing a  stone  into  it,  or  by  a  stick,  it 
exhibits  innumerable  fiery  sparks, 
wliich  are  no  other  than  minute 
shining  aninudcules,  requiring  a  good 
microscope  to  show  them  distinctly. 
In  order  to  collect  these  animalcules 
in  sufficient  plentj,  tlie  way  is  to 
take  a  quantity  of  sea-water,  in  which  thev  abound,  and  |o 
strain  it  through  a  filtering  paper,  till  only  the  qutotity  of 
d)out  half  an  ounce,  or  less,  remains  on  the  paper :  of  this 
water  a  small  drop,  placed  in  a  concave  glass,  and  viewed  by 
a  microscope  of  considerable  power,  will  exhibit  tliem  swim- 
ming very  briskly  about.  I)r.  B.  observed  three  species, 
whid^  are  represented  from  the  life,  in  the  engraving. 

Of  same  Fossil  FruittSy  and  other  BodieSyfcund  in  the  Island 
cfSheppey.  By  James  Parsons^M.D.  Jr,R.S,  —[1757.] 
The  kinds  of  wood  fo6sil  found  here  are  <^  verydiiferent  tex- 
tures; and  this,  too,  is  according  to  the  places  where  they  are 
deposited.  Some  are  seen  so  highly  impregnated  with  a  fine 
stony  and  pyritical  matter,  as  to  bear  a  polish  like  a  pebble ; 
some,  though  quite  reduced  to  stone,  yet  preserving  the 
fibrous  appearance  of  the  original  stale-;  and  some^  whidh  are 
found  in  bogg^  bottoms,  being  not  at  all  olmogedi  except  in 
coiour :  this  is  called  bog-oak,  or  bog-deal»  wdl  known  to 
country  people  in  many  places  of  these  threle  kingdons,  who 
light  themselves  about  their  business  with  slips  of  this  wood, 
cut  on  purpose,  instead  of  candles,  as  it  bums  wkh  a  clear 
and  durable  fiame.  It  is  remarkaUe,  that  though  oak  or  £r 
shall  lie  ages  immersed  m  water  imder  ground,  it  ^all  not 
putreff ,  but  acquire  such  sulphureous  parlictes>  by  lying  in  ' 
steep  m  the  bc^water,  as  to  qua^  it  fiDr  this  use.  Other 
wood,  deposited  in  marly  ground^  is  found  incnisted  over, 
trunk  and  braixches,  with  a  white  crust,  the  wood  remaining 
entire  within.  At  other  times  wood  thus  incrusted  is  eroded 
by  the  matterwhich  covers  it,  having  something  acrimonious 
in  its  substance.  We  may  add  to  thes6,  clusters  of  the 
twigs  of  shmbs,  and  small  wood,  which  we  find  fiakes  of,  in« 
crusted  with  sparry  or  calcareous  matter,  in  many  places; 
parts  of  which  are  totally  changed  into,  ||f  ^matter^  whilst 
others  are  only  enveloped  with  it.  '  ' 
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Mr.  Minors,  an  eminent  surgeon  and  anatomist  of  the 
Middlesex  Hospital  when  he  was  in  the  army  at  Gibraltar, 
BOW  an  entire  skeleton,  standing .  upright,  in  a  dry  rock,  part 
of  which  had  been  blown  up  with  gunpowder,  in  ^carrying  on 
some  works  ih  the  fi>rtifications,.  which  1^  the  skdeton  quite 
exposed*  Indeed,  the  bones  of  eiqihants  have  been  found  in 
Sheppey  Island,  but  much  destroyed;  their  size  and  sub- 
stance being  so  considerable^  as  to  resist  for  a  long  thne  that 
decay  which  those  of  the  human  could  not  withstand.  To 
these  may  be  added  the  horns  of  large  animals,  as  the  elk, 
and  others,  which  have  been  found  in  bogs^  preserved  as  the 
bogHoak,  &c.  above  mentioned. 

The  leaves  of  pkmts,  whose  fibres  are  firm  and  dry,  will 
eadure  for  a  loi^  thne ;  but  those  of  a  succulent  nature  never 
can,'a8  they  putrefy  very  soon.  We  see  the  lea^!%s  of  ferns 
of  several  lands,  polypocUum,  tridhprnanes,  and  other  capillary 
plants,  with  nodules  of  stone  formed  about  them ;  flags,  reeds, 
rushes,  equisefauniy  and  .many  such,  of  a. firm  texture,  are  found 
in  slate  and  stone ;  and. even  the  iult  of  trees  are  said  to  liave 
been  found  fossil  as  their  leaves. 

All  seeds,  and  the  stones  of  fimits,  having  a  firm  texture^ 
are  also  c^)able  of 'being  strongly  impregnated 
with  stony  and  p3niilical  matter ;  and  doubtless 
the  smaller,  seeds,  if  carefully  boked  for,  might- 
be  found  fossil,  as  well  as  l^tese  now  produced^ 
vizw  such  as  have  a  fimmess  in  the  covering ;  :| 
but  being  small^and  mixed  with  die  dirt,  sand, 
&C.  probably  is  the  reason  of  their  being  over- 
looked. Fxvkks  of  various  kinds  are  found  pe- 
trified; but. this  ia  only  in  their  green  state, 
when  they  are:  hard  enough  to  endure  till  they 
are  impregnated  with  stony  or  mineral  par- 
ticles. 

Of  impressions  of  fishes  upon  slate  there  are 
several  ktnds^  whidi  have  such  impressions  on 
Fig.  2,  them :  in  some  there  remains  only  the  bare  impres- 
sion, without  any  p^t  of  the  fish;  in  others,  the 
scales  only,  but  retaining  the  fentire  form  I^^s. 
of  the  animal;  and  in  others,  no  parfei 
adheres  to  the  slate  but  the  skeleton,  or  . 
part  of  it,  most  commonly  the  jspine.  He  says  that 
he  always  observed,  that  the  bones  are  never  seen  f 
but  on  the  grey  or  blue  ^late,  or  thieir  impressions.         

Fig.  I.  a  fig  petrified  when  hard  and  green ;  fig.  2.  OtrfFee- 
berries ;  fig.  3.  an  exotic  fruit,  like  a  small  melon. 

Digitized  by  vJOOQ  IC 


884  ELLIS  OH  TUB  TEMFBRATURE   09   GEORGIA. 

On  the  Heat  of  the  Weather  in  Georgia.  By  H.  Eixid^  Esq. 
It  is  now  (writes  Mr.  Ellis)  about  three  o'clock ;  the  sun 
bears  nearly  S.W.,  and  I  am  writing  in  a  piazza,  open  at  each 
end,  on  the  N.£.  side  of  my  house,  perfectly  in  the  shade:  a 
small  breeze  at  S.  £•  blows  freely  throu^  it ;  no  buildings  are 
nearer,  to  reflect  the  heat,  than  60  yards :  yet  in  a  thermome- 
ter hanging  by  me,  the  mercury  stands  at  102*^.  Twice  it  has 
risen  this  summer  to  the  same  height ;  viz.  on  the  28th  of 
June,  and  the  11th  of  July.  Several  times  it  has  been  at 
100^,  and  for  many  days  successively  at  98^ ;  and  did  not  In 
the  nights  sink  below  89^.  It  is  highly  probable  that  the  in- 
habitants of  this  region  breathe  a  hotter  air  than  any  other 
people  on  the  ikce  of  the  earth.  The  greatest  heat  we  had 
last  year  was  but  92^,  and  that  but  once :  from  84^  to  90P 
were  the  usual  variations ;  but  tliis  is  reckoned  an  extraordi* 
nary  hot  summer.  -    ." 

.  I  have  frequently  walked  lOQ  yards  under  an  umbreUay 
with  a  thermometer  suspended  from  it  by  a  thread  to.the 
height  of  my  nostrils,  when  the  mercury  has  risen  to  105^; 
which  is  prodi^oiis.  At  the  same  time  I  have  confined  this 
instrument  close  to  the  hottest  part  of  my  body,  and  have 
been  astonished  to  observe  that  it  has  subsided  several  d^grees^ 
Indeed  I  never  could  riuse  the  mercury  above  97°  wiUi  the 
heat  of  my  body.  I  have  traversed  a  great  part  of  the  globe, 
not  without  giving  some  attention  to  Sie  peculiarities  of  each 
dimate ;  and  I  can  fairly  pronounce  that  I  never  felt  such 
heats  any  where  as  in  Georgia.  I  know  experiments  on  this 
subject  are  extremely  liable  to  error ;  but  I  presume  I  can- 
not now  be  mistaken,  either  in  the  goodness  of  the  instru- 
ment, or  in  the  fairness  of  the  trials,  which  I  have  repeatedly 
made  with  it.  This  same  thermometer  I  have  had  thrice  in 
the  equatorial  parts  of  Africa ;  as  often  at  Jamaica,  and  the 
West  India  islands;  and  on  examination  of  my  journals, 
I  do  not  find  that  the  quicksilver  ever  rose  in  those  parts 
above  the  87th  degree,  and  to  that  but  s^dom :  its  general 
station  was  between  die  79th  and  .86th  degree ;  and  yet  I 
think  I  have  felt  those  degrees,  with  a  moist  air,  more  dis- 
agreeable than  what  I  now  feel. 

Yet  these  heats,  violent  as  they  are,  would  be  tolerable  but 
for  the  sudden  changes  that  succeed  them.  On  the  10th  of 
December  last,  the  mercury  was  at  86^;  on  the  11th  it  was 
so  low  as  38^  of  the  same  instrument. 
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Remarks  on  ^  several  Accounts  of  the  fiery  Meteor ^  (which 
appeared  on  Sunday ^  the  26th  ofNovember^  1758,)  and  on 
^her  such  Bodies.    JBy  John  Pbinqle,  M.J).  F.R.  S. 

This  meteor  seems  to  have  been  vertical  at  Cambridge^  or 
nearly  so,  and  to  have  appeared  first  there  in  a  state  of 
i^ition.  Thence  it  proceeded  directly,  almost  N.W.  by 
N.y  over  several  counties  in  England,  over  the  Solway  Friths 
which  it  crossed  between  Carlisle  and  the  town  of  Dumfries ; 
and  in  Scotland  over  the  shires  of  Dumfries  and  Lanerk ; 
but  soon  after  its  becoming  vertical  to  the  last,  viz.  a  few 
miles  to  the  southward  of  Douglas,  (or,  perhaps,  nearer  to  the 
borders  of  Lanerk  and  the  shire  of  Ayr,  about  10  or  12  miles 
to  the  eastward  of  Auchenleck,)  part  of  the  tail  seemed  to 
break  off,  and  to  disperse  in  bright  sparks  of  fire ;  while  the 
head,  into  which  the  remainder  of  the  tail  was  instantly 
collected,  moved  on  in  the  same  direction,  tiU  coming  over 
Fort  William,  in  the  shire  of  Inverness,  after  a  course  of 
about  400  miles,  it  there  suddenly  disappeared  But,  not* 
withstanding  the  extinction  of  the  meteor  at  this  place,  it 
seems  still  to  have  proceeded  northwards ;  since  it  was  seen 
a^in  in  a  luminous  state,  in  a  globular  form,  but  without  a 
tail,  about  the  58°  of  latitude,  on  the  western  coast  of  the 
shire  of  Ross,  almost  vertical  to  the  observer ;  moving  then 
to  the  southward  of  the  east,  that  is,  in  a  direction  almost 
contrary  to  the  first ;  and  in  this  last  course,  of  which  we 
kfiow  not  the  end,  it  possibly  might  have  gone  a  great  way 
to  the  eastward. 

During  the  first  part  of  its  progress,  viz.  from  Cambridge 
to  Fort  William,  it  went  obliquely  downwards  in  such  a 
manner,  that,  by  computation,  it  must  have  been  from  about 
90  to  100  miles  high  at  tlw  first  of  these  places,  and  between 
26  and  32  miles  at  the  last. 

This  dipping  and  rising  in  the  course  of  a  meteor  is  not 
more  extraordmary  than  its  lateral  deviation  from  a  straight 
line. 

In  regard  to  the  velocity,  it  sterns  ahnost  incredible ;  as  we 
have  si^cient  data  for  computing  it  at  the  rate  of  30  miles 
in  a  second.  But  if  we  allow  mat  it  only  moved  through 
half  the  space  in  that  time,  we  shall  find  the  progression  of  . 
this  body  to  have  been  above  100  times  swifter  than  the 
mean  celerity  of  a  cannon  ball,  and  nearly  equal  to  that  of 
the  earth  in  its  orbit  round  tlie  sun. 

As  to  its  real  size,  we  cannot  pretend  to  determine  that 
point  with  any  precision,  since  its  dazzling  brightness  would" 
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occasion  some  deception,  and  the  apparent  magnitude  hac 
been  so  differently  represented  by  the  observers. 
*  The  body  must  have  been  of  a  considerable  bulk  to  have 
yielded  such  a  light,  as  that,  when  in  the  zenith  of  Cambridge, 
a  farmer  at  Ancram,  at  the  distance  of  above  260  miles, 
should,  on  entering  his  threshold,  see  the  whole  side  of  his 
house  illuminated  by  it ;  and,  to  use  his  own  expressioD,  with 
a  brightness  as  of  sunshine. 

As  for  the  tail,  it  was  a  stream  of  light  several  miles  in 
length ;  for  this  was  no  deception,  like  what  we  suppose  this 
train  of  a  shooting  star  to  be,  but  was  either  a  real  Hame,  or, 
what  is  more  probable,  it  consisted  partly  of  £ame,  but 
mostly  of  smaller  masses  of  fire,  (which  the  observers  call 
sparks,  when  falling  out  of  the  lucia  tract,)  and  of  vapours  ot 
fuliginous  particles  not  heated  red-hot,  but  illuminated  by 
the  parts  actually  burning.  Perhaps  these  vapours  were  the 
l;hief  part  of  the  composition,  and  which  will  account  for  its 
light  being  so  mudi  fainter  than  that  of  the  head ;  since  in 
some  places  where  the  air  was  less  clear,  or  the  distance 
greater,  we  find  the  whole  meteor  described  either  as  a  roxmd 
ball,  or  a  spheroid  (with  the  largest  axis  in  the  direction  of  its 
motion),  but  without  a  tail.  In  this  last  case,  viz.  that  of  the 
oval  form,  it  is  probable  that,  besides  the  head,  the  beginning 
of  the  tail  was  also  visible,  as  consisting  of  flame,  and  there* 
fore  brighter  than  the  rest ;  and  that  both  together  appeared 
oblong  to  those  observers.  But  such  as  were  nearest,  and 
had  a  clear  atmosphere,  saw  the  tail  of  a  considerable  len^ ; 
that  is,  the  flame,  the  sparks,  and  the  illuminated  vapour  m  a 
train  behind  the  head,  as  being  lighter,  and  therefore  meeting 
with  more  resistance  from  the  air;  in  the  same  manner  as  the 
flame,  the  sparks,  and  smoke  of  a  torch  are  seen  to  follow  it. 
All  this  is  plain  ;  but  in  regard  to  that  separation  of  the  third 
part  of  the  tail  &om  the  rest,  a  circumstance  clearly  descnbed 
by  the  farmer  at  Ancram,  and  seemingly  confirmed  by  other 
observations,  there  may  be  some  diffic^ty. 

The  final  report,  so  frequently  mentioned,  not  only  heard 
by  those  who  saw  the  %ht,  but  by  others  who  knew  nothing 
of  what  had  happened,  was  a  real  sound,  immensely  greateir 
than  any  we  are  acquainted  with.  For,  at  the  distance  of  70 
miles  and  upwards,  it  was  compared  to  loud  thunder,  the 
report  of  heavy  artillery,  the  fall  of  the  gable-end  of  the 
house  the  person  was  in,  and  to  a  musket  fired  off  in  the 
garret.  If  this  noise  was  produced  when  the  body  threw  out 
those  masses  of  burning  matter,  by  the  obseivers  called  sparks 
o£  fire,  the  bursting  of  the  tail,  &c  we  shall  find  that  at  t&s 
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time  the  meteor,  b^  being  more  than  41  miles  high,  was  in  a 
region  where  the  air  is  3000  times  rarer  than  on  the  surface 
of  the  earth ;  that  is,  about  six  times  rarer  than  in  a  common 
cfxhausted  receiver,  where  sonorous  bodies  are  not  heard,  and 
even  where  gunpowder  and  the  pulvis  fuhninans  take  fire, 
and  are  exploded,  but  without  noise. 

Dr.  P.  also  concludes  from  the  great  report,  that  the  sub» 
stance  of  the  meteor  was  of  a  firmer  texture  than  what  could 
arise  from  mere  exhalations,  whether  formed  into  a  sphere, 
and  then  burning,  or  disposed  into  a  kind  of  train,  and  con- 
dimied  by  a  running  fire ;  for  sounds,  as  far  as  we  know,  are 
ciither  produced  by  the  quick  and  violent  percussions  of  hard 
bodies  on  the  air,  or  by  the  sudden  expansion  of  an  elastic 
fluid,  after  being  condensed  within  some  solid  substance.  To 
these  arguments  for  the  solidity  of  this  body,  we  may  add  its 
extreme  velocity,  and  the  intensity  of  the ,  light ;  which  are, 
likewise,  circumstances  more  conformable  to  a  heavy  and  solid 
substance  than  to  one  formed  of  exhalations  only. 

If  it  is,  then,  probable,  that  these  balls  of  fire  come  fi*om 
regions  far  beyong  the  reach  of  our  vapours ;  if  they  approach 
often  so  near  to  the  earth,  and  so  seldom  or  never  touch  it ; 
if  they  are  moved  with  so  much  celerity,  as  in  that  respect  to 
have  the  character  of  celestial  bodies ;  if  they  are  seen  fiying 
in  all  directionis,  and,  consequently,  have  a  motion  of  their 
own,  independent  of  that  of  our  globe,  surely  we  are  not  to 
consider  them  as  indifferent  to  us,  much  less  as  fortuitous 
masses,  or  trains  of  terrestrial  exhalations  in  the  ethereal 
regions. 

7!&e  reguiht  diurnal  Vcaiation  of  the  horizontal  magnetic 
Needk.  By  John  Canton,  M.A.  JP./^.^S'.— [1759.] 
The  number  of  days  on  which  these  observations  were 
taken  was  603 ;  and  the  diurnal  variation  on  574  of  them 
was  regular;  that  is,  the  absolute  variation  of  the  needle 
westward  was  increasing  from  about  eight  or  nine  o'clock  in 
the  morning  till  about  one  or  two  in  the  afternoon^  when  the 
needle  became  stationary  for  some  thne  ;  after  that,  the  ab- 
solute variation  westward  was  decreasing,  and  the  needle 
came  back  again  to  its  former  situation,  or  near  it  in  the  night, 
or  by  the  next  morning.  The  diurnal  variation  is  irregular 
when  the  needle  moves  slowly  eastward  in  the  latter  part  of 
the  morning,  or  westward  in  the  latter  part  of  the  afternoon ; 
also  when  it  moves  much  either  way  after  night,  or  suddenly 
both  ways  within  a  short  time.     These  irregularities  seldom 
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happen  more  than  once  or  twice  in  a  month,  and  are  alwnya^ 
accompanied  (ao  far  as  he  had  been  able  to  observe)  witluan 
aurora  borealis. 

For  the  sake  of  those  who  may  be  desirous  of  examining 
the  diurnal  variations  of  the  needle  very  minutely,  Mr.  C. 
annexed  a  complete  year's  observations ;  and  deduced  from 
the  regular  variations  durbg  tliat  time  the  mean  diurnal 
variation  belonging  to  each  month :  whence  it  appears  that 
the  diurnal  variation  increases  from  January  to  June,  and 
decreases  from  June  to  December* 

7%6  mean  diumcU  Variaiianfar  each  Month  in  the  Year  1759. 


Jaiiuary     • 

-      7    8 

July 

-       IS  14 

February     » 

-    8  58 

August    - 

•      12  19 

March       •* 

•    U  17 

September 

11  48 

April    -  ^ 
May    -  \     - 

.     12  26 

October    - 

•    10  36 

-    13    0 

November 

--89 

June 

-    13  21 

December 

-      -    6  58 

Conjectures  concerning  the  Cause^  and  ObterwUions  on  the 
Phenomenay  of  Eartiiquakes^  particularly  of  that  great 
Earthquake  of  Nov.  1.  1755,  which  proved  so  fatal  to  the 
City  rf  Lisbon.    By  the  JRev.  John  MichelLj  M.A, 
It  has  been  the  general  opinion  of  philosophers,  that  earth- 
quakes owe  their  origin  to  some  sudden  explosion  in  the 
interior  of  the  earth.     This  opinion  is  agreeable  to  the  phe- 
nomena which  seem  to  point  out  sometliing  of  that  kind* 
That  these  concussions  should  owe  their  origin  to  something 
in  the  air  seems  very  ill  to  correspond  with  the  phenomena. 
This  will  sufficiently  appear,  a^  those  phenomena  are  here- 
after recounted ;  nor  does  there  appear  to  be  any  such  certain 
and  regular  connection  between  earthquakes  and  the  state  of 
the  air,  when  they  happen,  as  is  supposed  by  those  who  hold 
this  opinion. 

Let  us,  then,  rejecting  this  hypothesis,  suppose  that  earth- 
iniakes  have  liieir  origin  under  ground^  and  we  need  not  go 
lar  in  search  of  a  cause,  whose  real  existence  in  nature  we 
have  evidence  of,  and  which  is  capable  of  producing  all  the 
appearances  of  these  extraordinary  motions.  The  cause  I 
mean,  says  Mr.  M.,  is  subterraneous  fires.  These  fires,  if  a 
large  quantity  of  water  should  be  let  out  upon  them  sud- 
denly, may  produce  a  vapour,  whose  quantity  and  elastic 
force  may  be  fully  sufficient  for  that  purpose.     The  principal 
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facts,  from  which  I  would  prove,  that  these  fires  are  the  real 
cause  of  earthquakes,  are  as  follow :  — 

The  same  places  are  subject  to  returns  of  earthquakes,  not 
only  at  small  intervals,  for  some  time  ailer  any  considerable 
erne  has  happened,  but  also  at  greater  intervals  of  some  ages. 
The  returns  of  earthquakes  in  the  same  places,  at  longer  dis- 
tances of  time,  are  confirmed  by  all  history.  Constantinople, 
and  many  parts  of  Asia  Minor,  have  sufiered  by  them,  in  many 
different  ages :  Sicily  has  been  subjected  to  them,  as  far  back 
88  the  remains  even  of  fabulous  history  can  inform  us  of: 
Lisbon  did  not  feel  the  effects  of  them  for  the  first  time  in 
1755  ;  Jamaica  has  fi-equently  been  troubled  with  them,  since 
the  English  first  settled  there ;  and  the  Spaniards,  who  were 
there  before,  used  to  build  their  houses  of  wood,  and  only 
one  story  high,  for  fear  of  them :  Lima,  Callao,  and  the  parts 
adjacent,  were  almost  totally  destroyed  by  them  twice,  within 
the  compass  of  about  60  years :  nor  were  these  the  only  in- 
stances of  the  like  kind  which  happened  there  ;  for,  from  the 
year  1582  to  1746,  they  have  had  no  less  than  16  very  vio- 
lent earthquakes,  besides  an  infinity  of  less  considerable 
ones ;  and  the  Spaniards,  at  their  first  settling  there,  were 
told  by  the  old  inhabitants,  when  they  saw  ^em  building 
high  houses,  that  they  were  building  their  own  sepulchres. 

Those  places  that  are  in  the  neighbourhood  of  burning 
mountains  are  always  subject  to  frequent  earjthquakes ;  and 
the  eruptions  of  those  mountains,  when  violent,  are  generally 
attended  with  them.  Asia  Minor  and  Constantinople  may 
be  considered  as  in  the  neighbourhood  of  Santerini.  The 
countries  also  about  Etna,  Vesuvius,  Mount  Hecla,  &c 
afford  us  sufficient  proofs  to  the  same  purpose.  But  of  att 
die  places  in  the  known  world,  probably  no  countries  are  so 
subject  to  earthquakes  as  Peru,  Chili,  and  all  the  western 
parts  of  South  America ;  nor  is  there  any  country  in  the 
Known  world  so  full  of  volcanoes :  for,  throughout  all  that  long 
range  of  mountains,  known  by  the  name  of  the  Andes,  from 
45^  south  latitude  to  several  degrees  north  of  the  line,  as 
also  throughout  all  Mexico,  being  about  5000  miles  in  ex^ 
tent«  there  is  a  continued  chain  of  them. 

The  motion  of  the  earth  in  earthquakes  is  partly  tremulous^ 
and  partly  propagated  by  waves,  which  succeed  one  another 
sometimes  at  larger  and  sometimes  at  smaller  distances ;  and 
this  latter  motion  is  generally  propagated  much  farther  than 
the  former.  The  former  part  of  this  proposition  wants  no 
confirmation  :  for  the  proof  of  the  latter,  viz.  the  wave-like 
motion  of  the  earth,  we  may  appeal  to  many  accounts  of 

s  >3 


S90  MICHELL  ON  EARTHaUAKES. 

earthquakes  :  it  was  very  remarkable  in  the  two  which  hap* 
pened  at  Jamaica  in  1687-8  and  1692.    In  an  account  of  the 
former,  it  is  said,  that  a  gentleman  there  saw  the  ground  rise 
like  the  sea  in  a  wave,  as  the  earthquake  passed  along,  and 
that  he  could  distinguish  the  effects  of  it  to  some  miles  dis- 
tance, by  the  motion  of  the  tops  of  the  trees  on  the  hills. 
Again,  in  an  account  of  the  latter,  it  is  said,  ^<  the  ground 
heaved  and  swelled  like  a  rolling  swelling  sea,"  insomuch  that 
people  could  hardly  stand  on  their  legs  by  reason  of  it.    The 
same  has  been  observed  in  the  earthquakes  of  New  England, 
where  it  has  been  very  remarkable.    A  gentleman  giving  an 
account  of  one  that  happened  there,  Nov.  18. 1755,  says,  the 
earth  rose  in  a  wave,  which  made  the  tops  of  the  trees  vibrate 
10  feet,  and  that  he  was  forced  to  support  himself,  to  avoid 
&lling  while  it  was  passing.     The  same  also  was  observed  at 
Lisbon,  in  the  earthquake  of  the  1st  Nov.  1755,  as  may  be 
plainly  collected  from  many  of  the  accounts  that  have  been 
published  concerning  it,  some  of  which  affirm  it  expressly  ; 
and  this  wave-like  motion  was  propagated  to  &r  greater  dis- 
tances than  the  other  tremulous  one,  being  perceived  by  the 
motion  of  waters,  and  the  hanging  branches  in  churches^ 
through  all  Germany,  among  the  Alps,  in  Denmark,  Sweden 
Norway,  and  all  over  the  British  isles. 

It  is  observed  in  places  which  are  subject  to  frequent 
earthquakes,  that  they  generally  come  to  one  and  the  same 
place  from  the  same  pomt  of  the  compass.  It  may  be  added^ 
also,  that  the  velocity  with  which  they  proceed  (as  &r  as  one 
can  collect  it  from  the  accounts  of  them)  is  the  svne ;  but 
the  velocity  of  the  earthquakes  of  different  countries  is  veiy 
different. 

<  In  the  earthquake  of  Nov.  1.  1755,  we  are  told  that  botht 
smoke  and  light  flames  were  seen  on  the  coast  of  Portu^aV 
near  Colares ;  and  that  on  occasion  of  some  of  the  succeedung 
shocks,  a  slight  smell  of  sulphur  was  perceived  to  accompany 
a  "  fog,  which  came  from  the  sea,  from  the  same  quarter 
whence  the  smoke  appeared."  In  an  account  of  an  earth* 
quake  in  New  England,  it  is  said  that  at  Newbury,  40  miles 
from  Boston,  the  earth  opened,  and  threw  up  several  cart* 
loads  of  sand  and  ashes  ;  and  that  the  sand  was  also  slightly 
impregnated 'with  sulphur,  emitting  a  blue  flame  when  laid  on 
burning  coals.  One  of  the  relators  of  the  earthquake  in 
Jamaica,  in  1692,  has  these  words :  «  In  Port-Royal,  and  in 
many  places  all  over  the  island,  much  sulphureous  combustir 
ble  matter  has  been  found  (supposed  to  have  been  thrown 
Out  on  the  opening  of  tbe  earth),  which  on  the  first  touch  of 
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£re  would. flame  and  burn  like  a  candle.  —  St.  Christopher'is 
was  heretofore  much  troubled  with  earthquakes,  whidi,  on 
the  eruption  there  of  a  great  mountain  of  combustible  matter, 
which  still  continues,  wholly  ceased,  and  have  never  been 
felt  there  since.*' 

The  earth  (as  &r  as  one  can  judge  from  the  appearances) 
is  not  composed  of  heaps  of  matter  casually  thrown  together^ 
but  of  regular  and  uniform  strata.  These  strata,  though  they 
frequently  do  not  exceed  a  few  feet,  or  perhaps  a  few  inches 
in  thickness,  yet  often  extend  in  length  and  breadth  for 
xnany  miles,  and  this  without  varying  their  thickness  consi* 
derably.  Beside  the  horizontal  division  of  the  earth  into 
strata,  these  strata  are  again  divided  and  shattered  by  many 
perpendicular  fissures,  which  are  in  some  places,  few  and 
narrow,  but  oftentimes  many,  and  of  considerable  width* 

The  returns  of  earthquakes  in  the  same  places,  either  at 
small  or' large  intervals  of  time,  are  consistent  with  the  cause 
assigned :  subterraneous  fires,  from  their  analogy  to  volcanoes, 
might  reasonably  be  supposed  to  subsist  for  many  ages,  though 
we  had  not  those  instances  already  mentioned  which  put  thi^ 
matter  out  of  doubt.  And  as  it  frequently  happens  that  vol- 
vanoes  rage  for  a  time,  and  then  are  quiet  agam  for  a  number 
of  years,  so  we  see  earthquakes  also  frequently  repeated  for 
some  small  time,  and  then  ceasing  again  for  a  long  term,  ex* 
cepting,  perhaps,  now  and  then  some  slight  shock.  And  this 
analogy  between  earthquakes  and  the  effects  of  volcanoes  is 
so  great,  that  he  thinks  it  cannot  but  appear  striking  to  any 
one  who  will  read  the  accounts  of  both,  and  compare  them 
together.  . 

The  frequency  of  earthquakes  in  the  neighbourhood  of 
burning  mountains  is  a  strong  argument  of  their  proceeding 
from  a  cause  of  the  same  kind ;  and  the  analogy  of  several 
volcanoes  lying  together  in  the  same  tract  of  country,  as  well 
as  new  ones  breakmg  out  in  the  neighbourhood  of  old  ones, 
tends  greatly  to  confirm  this  opinion ;  but  what  makes  it  still 
the  more  probable  is,  that  peculiarity  in  the  structure  of  the 
earth  before  mentioned.  It  has  been  already  observed,  that 
the  same  strata  are  generally  very  extensive,  and  that  they 
commonly  lie  more  inclining  from  the  mountainous  countries 
than  the  countries  themselves:  these  circumstances  make  it 
probable  that  those  strata  of  combustible  materials,  which 
break  out  in  volcanoes  on  the  tops  of  the  hills,  are  to  be  found 
at  a  considerable  depth  under  ground  in  the  level  and  low 
countries  near  ^em. 

^  If  we  suppose  that  these  vapours,  when  pent  up,  are  the 
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cause  of  earthquakes,  we  must  naturally  expect  that  the  most 
extensive  earthquakes  should  take  their  rise  from  the  level 
and  low  countries ;  but  more  especially  from  the  sea,  which 
is  nothing  else  than  waters  covering  such  countries.  Accord- 
ingly, we  fiad  that  the  great  earthquake  of  Nov.  1.  1755, 
which  was  felt  at  places  near  3000  miles  distant  from  each 
iither,  took  its  rise  from  under  the  sea ;  as  is  manifest  from  that 
wave  which  accompanied  it.  The  same  thing  is  to  be  under* 
stood  of  the  earthquake  that  destroyed  Lima,  in  the  year 
1746,  which,  it  has  been  said,  was  felt  as  far  as  Jamaica ;  and 
as  it  was  more  violent  than  the  Lisbon  earthquake,  so  if  this  be 
true,  it  must  probably  have  been  more  extensive  also.  There 
have  been  many  other  very  extensive  earthquakes  in  South 
America :  Acosta  says  that  they  have  been  often  known  to 
extend  themselves  100,  200,  or  300,  and  some  even  500 
leagues  along  the  coast.  These  have  been  generally,  if  not 
always,  attended  with  waves  from  the  sea. 


Ofartifieial  CMprodtuied  at  Peterdmr^. ,  By  Dr.  Himssl^ 
'  On  December  14,  1759,  they  had  at  Petersburgh  the  most 
excessive  cold  weather  that  ever  was  known,  even  to  205^  of 
De  Lisle's  thermometer,  or  34°  below  zero  in  Fahrenheit. 
At  that  time  Plrofessor  Braun  repeated  Fahrenheit's  experi* 
ments  in  order  to  produce  excessive  cold,  by  means  of  spirit 
of  nitre  combined  with  snow.  He  saw,  with  surprize,  the 
quicksilver  &11  considerably  in  the  thermometer,  and  descend 
even  to  470^  at  last :  there  the  quicksilver  remained  fixed  in 
the  open  air  for  the  space  of  a  quarter  of  an  hour,  and  did 
not  be^  to  rise  till  it  was  carried  into  a  warm  room.  The 
immobility  of  the  quicksilver  made  him  conjecture  that  it 
might  be  frozen,  or  become  a  solid  body.  —  Dec.  25.  in  the 
morning,  between  nine  and  ten,  De  Lisle's  thermometer  was 
at  the  199th  degree  of  cold ;  and  Mr.  Braun,  as  well  as  Pro- 
fessor iBpinus,  then  repeated  this  experiment.  As  soon  as 
the  former  had  observed  the  quicksilver  immovable  in  the 
thermometer,  he  broke  the  glass ;  and  he  found  the  quick- 
flUver  frozen,  but  not  entirely ;  for  in  the  middle  of  the  glass 
ball  there  was  a  small  portion  yet  remaining  fluid.  Mr. 
^pinus's  thermometer  fell  with  extreme  rapidity  almost  to 
the  500th  d^^ee,  and  in  breaking  the  glass  item  below,  he 
found  the  quicksilver  contained  in  it  absolutely  frozen^  Both 
these  gentlemen  found  that  the  quicksilver,  thus  r^idered 
solid,  bore  hammering  and  extension,  like  other  metals ;  but, 
being  afterwards  exposed  to  the  open  air,  it  socm  .reoov^^d 
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its  ftrtner  fluidity.  Mr.  ^pinus  went  further  in  order  to 
examine  the  quicksilver  when  it  was  made  solid.  He  poured 
quicksilver  into  a  glass  tube  as  thick  as  one's  finger,  closed  at 
bottom,  but  open  at  top.  The  quicksilver  in  this  cylinder, 
which  was  about  one  inch  and  a  half  long,  froze  in  three 
quarters  of  a  minute;  and  he  observed  that  it  became  solid« 
perfectly  resembling  other  metals,  except  iron :  it  continually 
ooQtracted,  and  its  surface,  which  was  at  first  pretty  higli^ 
soon  sunk  very  low.  This  cylinder  of  frozen  quicksilver  sunk 
to  the  bottom  of  fluid  quicl^ilver,  in  the  same  manner  as  is 
observed  of  other  metals  except  iron.  We  know  the  contrary 
happens  with  regard  to  water  frozen  and  other  fluids,  which 
CEKtend  as  they  become  solid,  and  their  ice  swims  in  the  fluid 
matter  of  which  they  were  produced. 

Dec.  26.  in  the  morning,  between  nine  and  ten,  the  cold  be* 
came  extremely  sharp  at  211%  and  such  as  exceeded  the 
greatest  degree  of  artificial  cold  fixed  by  Fahrenheit;  for 
4Xf  below  zero,  in  Fahrenheit's  thermometer^  is  equal  to  21CP 
<£  that  of  De  Lisle. 

Mr.  Braun  repeated  this  experiment  again  exactly  with  the 
aame  success  with  that  of  the  day  before.  The  Counsellor 
and  Professor  Lomonossow  made  the  same  experiment  on  the 
4Bame  day ;  and  by  means  of  aquafortis  the  cold  came  to  495 
degrees.  He  then  |^oured  in  spirit  of  common  or  sea  salt» 
and  the  qmcksilver  fell  down  m  the  thermometer  to  554f 
degrees;  and  in  taking  the  thermometer  from  the  mixture 
the  quicksilver  continued  to  fitll  in  the  open  air  to  the  552d 
degree.  He  threw  yet  into  the  glass  a  little  more  snow, 
pouring  on  it  some  ou  of  vitriol,  and  suddenly  the  quicksilver 
tell  to  1260  degrees.  He  then  broke  the  ball,  and  found  the 
mercury  changed  to  a  solid  body.  The  quicksilver,  which 
vet  remamed  in  the  tube^  was  also  become  solid,  and  appeared 
like  a  loose  silver  wire  attached  to  the  ball,  which  was  flexible 
cw'ery  way.  He  gave  the  boll  of  quicksilver  several  blows 
with  a  turned  axe,  and  it  became  flat  like  a  half  ruble,  or 
English  half  crown ;  but  receiving  thereby  some  cracks,  it 
dissolved  in  about  20  minutes.  These  experiments  were  made 
when  the  air  was  at  about  208  degrees  of  cold. 


Cya  Whirhmnd  in  New  England.    By  Mr.  J<miJ  WiNTBROPy ' 
Prof.  cfPhiL  at  Cambridge,  U.  aS'.^ [1761.] 

The  morning  of  July  10.  was  fair  and  hot,  with  a  brisk  gale 
at  south-west.  At  Leicester,  40  miles  westward,  about  five 
o'clock  the  sky  looked  strangely ;  clouds  firom  the  south-west 
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and  north-west  seemed  to  rush  together  very  swiftly,  and  im^ 
mediately  on  their  meeting  commenced  a  circular  motion ; 
presently  after  which  a  terrible  noise  was  heard. .  The  whirls 
wind  passed  along  from  south-west  to  north-west.v  Its  first 
effects  were  discernible  on  a  hill,  where  several  trees  were 
thrown  down  at  considerable  distances  from  each  other.  In  this 
manner  it  proceeded  the  distance  of  six  miles  with  the  most 
destructive  violence,  tearing  up  and  scattering  about  the  trees^ 
fltonesy  fences,  and  every  thing  else  in  its  way,  forming  a  con-^ 
tinued  lane  of  ruins,  of  a  few  rods  wide. 

It  met  with  only  one  dwelling-house  in  its  course,  that  of 
one  David  Lynde,  on  which  it  fell  with  the  utmost  fury,  and 
in  a  moment  effected  its  complete  destruction,  u  The  house 
was  of  wood,  two  stories  high,  and  both  the  chimnies  of 
stone.  Near  the  house  were  a  shop  and  small  shed ;  and  the 
bam  stood  on  the  opposite  side  of  the  road,  about  10  rods 
distant.  As  soon  as  the^  perceived  the  storm  coming  near 
the  house  some  men  withm  endeavoured  to  shut  the  south 
door;  but  before  they  could  effect  it  they  were  suprised  by 
the  falling  of  stones  around  them,  from  the  top  of  that  chimney 
which  was  in  the  middle  of  the  house.  ^  All  the  people  in  the 
house  were  in  that  instant  thrown  into  such  a  consternation^ 
that  they  can  give  no  account  of  what  passed  durmg  this  scene 
of  confusion^'  which  was  indeed  very  short.  Where  the  house 
stood  nothing  remained  but  the  sills,  and  the  greater  part  of 
the  lower  floor,  with  part  of  the  two  stacks  of  chimnies,  one 
about  10  feet,  and  the  other  not  quite  so  high  ;  the  stones 
which  had  composed  tlie  upper  part  lying  all  around  them. 
Except  these  sUls,  there  were  only  three  pieces  of  timber, 
and  those  very  large,  left  entire  ;  one  of  which,  about  16  feet 
long,  and  10  inches  by  eight,  was  found  on  the  opposite  side 
of  the  road,  nearly  south,  about  20  rods  distant  from  the  house. 
The  rest  of  the  tunbers,  from  the  greatest  to  the  least,  lay 
broken  and  twisted  to  pieces  between  N.N.  E.  and  E.  for  70  or 
80  rods  from  the  house ;  some  on  the  ground,  others  sticking 
into  it  a  foot  and  two  feet  deep  in  all  directions.  Part  of  one  of 
the  main  posts,  about  10  feet  long,  with  part  of  one  of  the  plats 
of  nearly  the  same  length,  and  a  brace  which  holds  them  toge-^ 
ther^  were  left  sticking  in  the  ground,  nearly  perpendicular,  to 
a  great  depth,  in  a  field  southerly  from  the  hous^  about  eight 
rods  distaiit.  The  boards  and  shingles  of  the  house,  with  3000 
or  4O00  new  boards  which  lay  by  it,  were  so  entirely  shattered, 
that  scarcely  a  piece  could  be  found  above  four  or  five  inches 
wide,  and  va9t  numbers  were  not  more  than  two  fingers  widet 
tome  within  the  course  of  the  wind  and  some  without,  at 
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great  distances  on  both  sides  of  it.  What  has  been  said  of 
tJic  boards  and  sliinglcs  was  Hkewise  true  of  the  wooden  fur* 
ttiturc  of  the  house :  the  tables,  chairs,  desks,  &c.  sliared  tli^e 
same  fate  ;  not  a  whole  stick  was  to  be  found  of  any  of  them. 
Some  of  the  beds  that  were  found  were  hanging  on  high  trees 
at  a  distance.  Of  the  heavy  utensils,  pewter,  kettles,  and  iron 
potSy  scarcely  any  were  found.  Some  nails  that  were  m  a  cask 
m  the  east  chamber  were  driven  in  great  numbers  into  the 
trees  on  the  eastern  side  of  the  house.  The  shop  and  shed 
before  mentioned  were  torn  in  pieces,  nothing  of  the  shop  re* 
maining  but  the  sills  and  floor ;  and  a  horse^standing  undei; 
the  shed  was  killed.     Only  one  person  was  killed.  I 

From  the  whole,  it  seems  highly  probable  that  the  house 
was  suddenly  plucked  off  from  the  sills  (to  which  the  upright 
posts  are  not  fastened),  and  taken  up  into  the  air,  not  only 
above  the  heads  of  th6  persons  who  were  on  the  lower  floor^ 
but  to  the  height  of  those  parts  of  the  chimnies  which  were 
left  standing,  where,  by  the  violent  circular  motion  of  the  air, 
it  was  immediately  hurled  into  ten  thousand  pieces,  and 
scattered  to  great  distances  on  all  quarters,  except  that  from 
which  the  wind  proceeded.  And  it  further  appears,  that  the 
violence  of  the  wind  in  that  place ,  was  over  as  soon  as  the 
house  was  taken  up. 


BurTiing  Cliffs  in  Dorsdskire.    By  John  Stephens,  M.A.  ] 

In  August,  1751,  the  air,  having  been  for  some  time  re- 
markably hot  and  dry,  was  changed  suddenly  by  a  heavy 
&11  of  rain,  and  a  high  south-west  wind.  The  cliffs  near 
Charmouth,  in  the  western  part  of  Dorsetshire,  presently 
after  this  alteration  of  the  atmpsphere,  began  to  smoke,  and 
soon  afler  they  burned,  with  a  visible  though  a  subtle  flame 
for  several  days  successively ;  and  continued  to  smoke,  and 
sometimes  to  burn  at  intervals,  till  the  approach  of  winter  ^ 
nay,  ever  since  that  time,  especially  after  any  great  fall  of 
rain,  thunder,  and  lightning,  or  a  high  south-west  wind,  (whicht 
drives  the  sea  with  great  violence  against  the  cliffs,  and  beats 
off  large  pieces  of  them,)  the  cliffs  continue  to  smoke,  and 
sometimes  to  bum  with  a  visible  flame;  which  during  the 
summer-months,  is  frequently  observed  in  the  night-time* 
Qn  examining  these  cliffs,  in  the  year  1759,  Mr.  S.  discovered* 
a  great  quantity  of  pyrites,  not  in  any  regular  strata^  but  in- 
terspersed in  large  masses  through  the  earth,  and  which 
proved  to  be  martial ;  of  marcasites,  which  yielded  near  one 
tentli  part  of  common  sulphur ;  of  comua  ammpnis  of  di^ 
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ferent  sizes,  and  other  sheik,  but  of  the  bi^lve  class,  whk^ 
were  crusted  over,  and  as  it  were  minei:alised  with  the 
pyritical  matter  ;  of  belemnites,  also  crusted  over  with  the 
like  substance :  and  the  clifl^,  for  near  two  miles  long,  and 
from  the  surface,  to  S5  or  40  feet  deep,  even  to  the  rocks  at 
high  water-mark,  were  one  bed  of  a  dark-coloured  loam, 
strongly  charged  with  bitumen.  He  found  also  a  dark- 
coloured  substance,  resembling  coal-cinder ;  some  of  whidi 
being  powdered,  and  washed  in  distilled  rahi-water,  on  fil- 
trating the  water,  and  evaporating  it  slowly  to  a  pelllcule,  its 
Salts  shoot  into  fine  crystals,  and  appear  to  be  no  more  than 
a  martial  vitriol;  one  ounce  of  this  cinder^like  substance 
yields  one  drachm  of  salt.  He  gathered  up  about  lOOlb. 
weight  of  the  different  kinds  of  those  pyritae,  marcasites,  &c. 
Ivhich  were  laid  in  a  heap^  exposed  to  the  air,  and  every  day 
sprinkled  with  water:  uie  consequence  was,  that  in  about 
ten  days'  time  they  grew  hot,  soon  after  caught  fire,  burned 
for  several  hours,  and  fell  into  dust.  Hence,  therefore,  it  is 
imagined  that  these  martial  and  sulphureous  fossils,  by  being^ 
exposed  to  the  air  and  wet,  and  by  being  agitated  by  the 
beating  of  the  sea,  take  fire. 

From  what  has  been  said  Mr.  S.  draws  the  following  con- 
dusions:  — 

1.  That  all  subterraneous  fires,  even  those  of  Hecla,  Vesu- 
vius, and  ^tna,  together  with  those  observed  in  the  mines 
and  coal-pits,  are  caused  by  the  heat  and  fixing  of  pyrites 
and  marcasites.  2.  That  the  waters  of  our  hot  baths  derive 
their  heat  from  passing  over  a  bed  of  ignited  pyrites.  Indeed 
the  solid  contents  of  those  waters  do  evidently  prove  this 
assertion,  being  nothing  more  than  such  particles  of  the 
p;pites  as  are  soluble  in  water*  3.  That  these  mineral  flames 
wiU  be  more  or  less  subtle,  according  to  tlie  minuteness  of 
the  particles  of  the  combustible  matter.  4.  That  the  convul- 
sive motions  and  tremblings  of  the  earth  are  caused  by  the 
heat  of  the  burning  pyrites  expanding  the  air  contained  in  its 
bowels.  This  is  clearly  proved  by  their  causing,  immediately 
after,  an  eruption  of  the  earth,  which  generally  discharges  a 
dark-coloured,  cinder-like,  and  frothy  matter.  And,  5.  That 
those  places,  where  the  earth  contains  the  greatest  quantity 
of  pyrites  and  marcasites,  wDl  be  most  liable  to  these  con- 
vulsive motions  and  trembliligs,  no  other  natural  cause  con* 
tradictory. 
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On  the  JExtraordimri/  Agitation  of  the  Waters  in  Mam^s 
Bayy  arid  oth&r  Places^  March^^l.  1761,  By  the  Reo^ 
W.BoBLAsXy  M.A.  F.E.S,—  [1762.] 

March  31. 1761,  about  five  in  the  afternoon,  there  was 
an  uncommon  motion  of  the  tide  in  Mount's  Bay,  CorowalL 
It  was  full  sea  that  day  about  half  an  hour  after  12.  After 
the  tide  had  ebbed  about  four  hours  and  a  half,  instead  of 
continuing  to  retreat  gradually,  as  usual,  till  it  had  completed 
the  UK  hours'  ebb,  on  a  sudden  it  advanced  as  it  is  usually  at 
the  time  of  the  moon,  at  an  hour  and  a  half  before  high  water. 
it  then  retreated  near  to  the  point  of  low  water,  then  it 
advanced  again,  and  retreated,  maidng  five  advances,  and  as 
many  recesses  in  the  space  of  one  hour ;  viz.  from  about  five 
to  six  o'clock,  whidi  was  the  whole  time  that  these  uncommon 
stretches  of  the  tide  continued.  But  the  first  motion  was 
most  considerable,  the  sea  advancing  the  first  time  to  a 
quarter  ebb ;  whereas  the  second  advance  was  but  as  &r  as 
the  sea  reaches  at  half  ebb.  At  the  first  surge  the  waters 
rose  at  this  place  six  feet  perpendicular. 

On  the  coast  of  Scotland,  from  Fort  Ai:4^tus  on  Lochnessy 
we  had  accounts  that  on  the  same  31st  of  March,  about  two 
in  the  afternoon,  Lochness  rose  on  a  sudden  about  two  feet 
perpendicularly,  and  continued  alternately  rising  and  falling 
for  the  space  en  three  quarters  of  an  hour.  The  King's  galley 
broke  firom  her  moorings,  and  drove  into  the  loch :  severed 
boats  were  cast  very  far  upon  dry  land :  in  the  middle  of  the 
loch  the  water  swelled  up  like  a  mountain,  extremely  muddy, 
md  the  motion  was  attended  with  a  very  uncommon  hollow 
sound. 

On  the  coast  of  Ireland,  from  Cork,  there  was  advice  thai 
an  the  same  31st  of  March,  a  quarter  after  noon,  a  ^ock  of 
azt  earthquake  was  felt  in  diat  city,  and  between  the  gates 
only,  allowed  to  be  more  violent  than  that  of  November  1. 
1755.  It  did  not  continue  above  one  minute,  undulating 
from  east  to  west,  and  vice  versL  At  Kinsale,  about  six 
of  dock  P.M.  near  dead  low  water,  the  tide  rose  suddenly  on 
the  strand,  about  two  feet  higher  than  it  was,  and  went  out 
again  in  the  space  of  four  minutes  with  great  force,  which 
was  repeated  several  times;  but  the  first  was  the  greatest.  Al 
Amsterdam  the  branches  in  the  synagogue  were  observed  to 
T&rate  between  one  and  two  o'clock.  In  the  great  church  at 
Maesland-Slys,  the  branches  moved  about  a  foot  from  the 
perpendicular,  and  the  vessels  iu'  the  harbour  were  agitated. 

But  this  earthquake  was  felt  more  violently  on  the  ocean. 
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between  the  coasts  of  Spain  and  th^  British  Channels.  Ships 
on  their  passage  from  that  part  of  the  continent,  many 
leagues  to  the  westward  of  Cape  Fmisterre,  felt  axi  unusual 
agitation  of  the  sea,  as  if  they  had  struck  on  sunken  rocla  i 
the  time  agreeing  with  that  of  Cork  and  Fort  Augustus. 
Captain  Woodward,  of  the  Expedition  packet-boat,  sailed  from 
Lisbon,  March  29.  On  the  S^st,  soon  after  he  had  passed 
the  rocks  of  Lisbon,  in  the  morning,  and  almost  calm,  the  sea 
swelled  to  a  great  degree,  with  a  rumbling  noise.  The  vessel 
was  tossed  ^ut  as  if  in  a  stornu  The  agitation  continued 
lour  minutes. 

The  Gospcfft  man  of  war,  off  the  rock  of  Lisbon,  at  three 
qnarters  past  11  in  the  forenoon,  felt  two  violent  shocks  oif  an 
earthquake ;  the  first  continued  near  a  minute  and  a  half,  the 
second  not  so  long.  Under  the  convoy  of  the  Gosport  w;ere 
several  ships,  all  affected, in  the  same  manner.  One  off 
Lisbon  felt  the  shock,  attended  with  a  noise,  as  if  empty 
casks  had  been  tossed  about  in  the  hold. 

In  the  latitude  43%  not  many  leagues  off  shore,  in  her 
passage  from  Lisbon,  the  Amey  of  Bristol,  Captain  Condon, 
felt  a  most  violent  shocks  The  concussion  was  so  great,  that 
it  shook  the  needle  off  the  spindle  of  the  compass ;  and 
immediately  after  arose  such  a  storm  of  wind  and  rain  as  he 
never  before  met  with.  The  shock  was  &lt  10  minutes  A.  M. 
viz.  half  an  hour  before  it  was  felt  at  Cork,  and  five  hours 
before  the  waters  rose  at  Kinsale,  and  in  Mount's  Bay  on  the 
same  day. 

At  the  same  time  there  was  a  violent  earthquake  at  Lisbon^ 
thought  by  some  as  severe  as  that  of  1755,  but  the  agitation 
more  equable ;  consequently  the  damages  were  not  so  de« 
plorabte,  a  few  old  houses  were  shatterea  and  thrown  down, 
imd  some  new  ones  cracked :  the  shock  lasted  between  three 
and  five  soinutes.  But  more  particular  is  the  account  follow- 
ing, from  an  eye-witness,  in  an  English  vessel  then  off  Lisbon, 
t.e.  lying  before  the  city.  *•  On  March  31st,  at  mid-day,  a 
i^yere  shock,  not  so  strong  as  that  of  1755,  but  of  longer 
duration.  I  saw  the  ruins  of  the  last  earthquake  Ming  heap 
upon  heap,  and  turning  round  beheld  the  rocks  on  th^ 
opposite  side  falling  from  the  mountains,  followed  by  a  con- 
tmual  cry  of  the  peof^e:  the  buildings  erected  since  1755 
damaged  to  the  amount  of  20,000  moidores  at  least  It 
lasted  about  five  minutes,  some  say  seven ;  the  water  in  con* 
tinual  agitation  all  the  afternoon,  ebbing  acd  flowing  three  or 
four  feet  in  a  very  short  time.  At  12  at  night  another 
aliock,.  of  short  continuance ;  that  night  three  more ;  did  no 
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damage.  St.  Ubes,  10  leagues  distance  to  the  south,  haS' 
suffered  much ;  and  the  villages  to  the  north,  as  also  a  large - 
convent.  During  the  confusion  in  the  city,  300  persons  in 
the  several  gao£  gained  their  liberty.  The  shock  felt  at 
Oporto  was  very  strong,  but  did  no  damage.  At  a  village 
4ibout  20  miles  distant,  three  or  four  houses  were  thrown  '■ 
down,  bv  which  several  people  were  killed." 

At  Madeira  the  shock  was  felt  very  violent  at  10  o'clock 
A.M.  It  did  no  damage  in  the  town  :  some  rocks  were  split, 
and  fell  into  the  sea,  and  some  of  the  roads  of  the  island . 
suffered.  The  greatest  damage  there  sustained  was  the  loss 
of  one  church,  and  four  people  killed,  two  of  which  were  in  a 
boat  fishing  near  the  shore,  when  the  rocks  fell. 

At  Fyal  island,  one  of  the  Azores,  and  Terceira,  the  sea 
rof  e  to  a  great  height,  and  fell  again  so  low  that  ihe  quays 
were  lefl  dry:  all  the  lighters  and  fishing-boats  that  were 
hauled  up  in  Portorico,  were  carried  down  into  the  bay,  and 
broken  to  pieces  on  the  rocks.  About  a  fortnight  after, 
several  earthquakes  (successively  more  and  more  violent)  ended 
not,  till  on  the  20th  three  volcanoes  threw  out  as  many  rivers 
of  lava,  of  near  a  mile  in  breadth,  and  foiu*  yards  high,  which 
threatened  desolation  to  the  whole  country,  and  continued  • 
overrunning  every  tree  and  house  till  the  24th. 

From  these  accounts,  the  violence  of  this  earthquake  was 
greatest  at,  or  rather  near,  Lisbon ;  perhaps  at  sea,  in  latitude 
between  43**  and  44%  and  longitude  about  11**  IS',  where  no 
tremors  of  land  could  be  observed,  and  consequently  the 
effects  not  so  terrifying,  nor  perceived  by  so  many,  nor  so 
destructive  as  if  it  had  happened  on  the  land,  and  contiguous 
to  Lisbon,  as  that  of  1755.  The  weather  various  in  the  dif- 
ferent places,  but  mostly  calm. 

There  was  a  great  conformity  between  the  effects  of  the 
earthquake  of  Nov.  1. 1755,  and  of  this  of  March  31. 1761; 
viz.  in  the  extent ;  in  the  rise  of  the  waters ;  in  the  calmness 
of  the  weather  in  most  parts ;  and  in  the  succession  of  time, 
beginning  sooner  at  Usboji  than  on  the  northern  shores  both 
times. 


Account  of  a  Mummy  inspected  at  London  in  1763.  By 
John  Rajdlet,  M.D.  jP.JR.iS'.— [1764.] 
The  mummy  was  an  entire  one,  taken  out  of  the  Rojral 
Pjnramids.  The  outer  painted  covering  being  removed,  no- 
thing bat  linen  fillets  were  to  be  seen,  which  enclosed  the 
whole  mummy.     These  fillets  were  of  different  breadths ;  the^ 
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greater  part  about  an  inch  and  a  half;  those  about  tlie  feet 
much  broader:  they  were  torn  longitudinally;  those  few 
that  had  a  selvage,  having  it  on  one  side  only ;  the  upper* 
most  fillets  were  of  a  degree  of  fineness  nearly  equal  to  what 
is  now  sold  in  the  shops  for  2s.  4^,  per  yard,  under  the 
name  of  long  lawn ;  and  were  woven  something  after  the 
manner  of  Russia-sheeting :  the  fillets  were  of  a  brown  colour, 
and  in  some  measure  rotten.  These  outer  fillets  seemed  to 
owe  their  colour  to  having  been  steeped  in  some  gummy  so- 
lution ;  as  the  inner  ones  were  in  pitch. 

The  fillets  immediately  under  the  painted  covering  lay  in  a 
tmnsverse  direction ;  under  these,  which  were  many  times 
folded,  they  lay  oblique,  diagonally  from  the  shoulders  to  the 
ilia.  Under  thesie  the  fillets  were  broader,  some  nearly  three 
inches ;  mid  lay  longitudmally  from  the  neck  to  the  feet,  and 
also  from  the  shoulders  down  the  sides ;  on  which  there  was  ti 
remarkable  thickness  of  these  longitudinal  fiillets :  under  these 
they  were  again  transverse,  and  under  these  again  oblique. 
The  fillets,  in  general,  externally,  did  not  adhere  to  each 
other ;  but  though  pieces  of  a  considerable  length  could  be 
taken  ofP  entire,  yet,  from  the  great  age,  so  tender  was  the 
texture  of  the  cloth,  that  it  was  impossible  regularly  to  un* 
rol  them.  As  the  outer  fillets  were  removed,  those  that  next 
presented  themselves  had  been  evidently  steeped  in  pitch, 
and  were  in  general  coarser,  in  folds,  and  more  irregularly  laid 
on  ;  as  they  were  more  distant  from  the  surface.  The  inner 
filletmg  of  all  was  so  impregnated  with  pitch,  as  to  form  with 
it  one  hard  black  brittle  mass ;  and  had  been  burned  nearly 
to  a  coal. .  On  breaking  this,  it  appeared  in  many  places  as  if 
filled  with  a  white  efilorescence ;  like  that  observable  oh  the 
outside  of  pyrites  which  have  been  exposed  to  the  air.  ITiis 
efflorescence,  however,  had  nothing  saline  to  the  taste,  and  did, 
not  dissolve  in  water ;  but  instantly  disappeared,  on  bringing 
it  near  enough  to  the  fu:e  to  be  slightly  heated ;  and  was  so- 
luble in  spirit  of  wine. 

In  the  cavity  of  the  abdomen  were  found  several  small 
pieces  of  bone,  which  had  tlie  appearance  of  dry  oak,  mixed 
with  crumbled  pitch ;  under  tliis  was  found  more  solid  pitch, 
which  adhered  to  tlie  spine.  Afler  cutting  away  the  mass  of 
doth  and  pitch  which  covered  tlie  thorax  ;  it  was  found  that 
the  arms  had  been  laid  straight  down  by  the  sides  of  the  chest> 
and  tlie  ulna  and  radius  bent  upwards,  and  laid  with  the 
hands  across  upon  the  breast,  the'right  hand  being  uppermost* 
The  bones  of  the  fingers  were  lost ;  but  tlie  metacarpal  bones 
were  found  broken  off,  and  fallen  into  the  thorax.     Tlie  fillet- 
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mg,  which  went  round  the  upper  part  of  the  body,  included 
the  arms  also ;  but  they  had  evidently  been  first  wrapped 
separately,  then  laid  up  in  the  position  in  which  they 
were  found,  and  the  hollows  which  they  formed  filled  up  with 
J)ieces  of  pitched  cloth.  In  the  cavity  of  the  thorax  there  was 
also  a  considerable  quantity  of  crumbled  pitch  and  splinter? 
of  dry  bone ;  and,  as  in  the  progress  of  this  examination 
Dr.  H.  continually  found  that  some  of  the  bones  did,  as  he  laid 
them  bare,  separate  into  such  splinters,  it  is  very  probable 
that  this  appearance  was  owing  to  the  mummy's  having  been 
handled  in  a  rough  manner,  and  much  shaken,  by  the  persons 
who  had  driven  it  full  of  nails,  when  they  were  employed  to 
repair  the  outside  of  it.  On  first  opening  a  way  into  the  Uiorax, 
he  imagined  the  ribs  were  destroyed ;  but,  on  a  more  accurate 
iexamination,  they  were  found  entire ;  but  so  bedded  in  the 
pitch,  and  so  black  and  burned  into  the  mass,  as  to  make  it 
difficult  to  distinguish  these  very  different  substances  from 
each  other.  The  bones  of  the  spme  and  of  the  pelvis  were^in 
tile  same  state  with  the  ribs ;  only  rather  more  burned. 

There  was  a  considerable  thickness  of  hard  sold  pitch  lining 
the  cavity  of  the  thorax]:  this  had  been  evidently  liquified  and 
poured  in ;  and  retained  that  glossy  appearance  on  its  sur- 
face which  is  observable  on  pitdi  that  is  suffered  to  cool  with- 
out being  disturbed.  On  breaking  through  this  hard  crust  of 
pitch  to  examine  the  vertebrae  and  the  ribs,  the  pitch  which 
was  under  this  crust  and  nearest  to  the  bones  was  crumbly 
and  soft ;  and,  on  being  exposed  to  the  air,  grew  perfectly 
moist  in  a  very  short  time.  The  lower  extremities  were 
wrapped  separately  in  fillets  to  nearly  their  natural  size,  and 
then  bound  together ;  the  interstices  being  rammed  full  of 
pitched  rags.  On  cutting  through  the  fillets  on  the  thighs, 
Uie  bones  were  found  invested  with  a  thin  coat  of  pitch ;  and 
the  filleting  was  bound  immediately  on  this.  /  The  tibia  and 
fibula  of  each  leg  were  found  also  wrapped  in  the  same  manner* 
and  the  bones  in  actual  contact  with  the  pitch ;  excepting  in 
one  or  two  places,  where  the  pitch  was  so  very^hin,  that  the 
doth  appeared  to  adhere  to  the  bone  itself. 

The  feet  were  filleted  in  the  same  manner;  being  first 
bound  separately,  and  then  wrapped^  together.  The  filleting 
had  been  by  some  accident  rubbed  off  the  toes  of  the  right 
foot ;  and  the  nail  of  the  great  toe  was  found  perfect :  the 
last  joints  of  the  bones  of  the  lesser  toes  had  been  broken 
away ;  by  which  it  appeared  that  these  bones  had  been  pene- 
trated, and  their  cavities  quite  filled  with  pitch.  The  fillet- 
ing about  the  heel  had  also  been  broken  away,  and  the  bones 
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of  die  tarsus,  and  some  of  the  metatarsal  bones,  had  fallen  out 
and  were  lost ;  leaving  the  remaining  filleting  like  a  kind  of 
case.  The  fillets  on  the  left  foot  were  perfect ;  except  on  the 
heel,  and  where  they  had  been  divided  from  those  of  the  leg , 
a  small  portion  of  tlie  tendino  Achillis  adhered  to  the  os  calcis ; 
and  some  of  tlie  ligaments  to  the  astragalus.  On  cutting  into 
the  fillets  on  the  sole  of  this  foot  they  were  found  to  enclose 
a  bidbous  root.  The  appearance  of  this  was  very  fresh ;  and 
part  of  the  thin  shining  skin  came  off  with  a  flake  of  the  dry 
brittle  filleting  with  which  it  had  been  bound  down:  it 
seemed  to  have  been  in  contact  with  the  flesh. 

The  fillets  were  removed  from  this  foot  with  great  care  x  they 
were  much  impregnated  with  pitch,  excepting  about  the  toes; 
where  the  several  folds,  united  mto  one  mass,  being  cut  tbrough, 
yielded  to  the  knife  like  a  very  tough  wax.  The  toes  being 
carefully  laid  bare,  the  nails  were  fouid  perfect  on  them  all ; 
some  of  them  retaining  a  reddish  hue,  as  if  they  had  beea 
painted :  tlie  skin,  also,  and  even  the  fine  spiral  lines  on  it, 
were  still  very  visible  on  the  under  part  of  the  great  toe,  and 
of  the  three  next  adjoining  toes.  Where  the  skin  of  the  toes 
was  destroyed,  there  appeared  a  pitchy  mass,  resembling  ia 
form  the  fleshy  substance  ;  though  somewhat  shrimk  from  its 
original  bulk.  The  natural  form  of  the  flesh  was  preserved 
also  on  the  under  part  of  the  foot ;  near  the  bases  of  the  toes« 
On  die  back  of  tne  toes  appeared  several  of  the  extensor 
tendons. 

/  During  this  whole  exammatlon,  excepting  what  was  dis- 
covered in  the  feet,  there  were  not  found  the  least  remains  of 
any  of  the  soft  parts.  All  the  bones  of  the  trunk  were  bedded 
in  a  mass  of  pitch ;  and  those  of  the  limbs  were  covered  with 
a  thin  coat  of  it,  and  then  swathed  in  the  fillets ;  which  (as 
has  been  mentioned)  in  some  places,  where  the  pitch  was  very 
thin,  seemed  to  adhere  to  the  bone  itself. 

It  has  been  imagined,  that  the  principal  matter  used  by  the 
Egyptians  for  embalming,  was  the  asphaltus ;  but  what  Ur.  H. 
found  was  certainly  a  vegetable  production.  The  smell  in 
burning  was  very  unlike  that  of  asphaltus ;  nor  did  it  resemble 
that  of. the  common  pitch  of  the  fir-tree;  being  rather  aro- 
matic. It  was  compared  with  a  variety  of  resins  and  gum* 
resins ;  but  it  seemed  not  to  resemble  any  of  them,  excepting 
myrrh,  and  that  but  very  slightly.  In  all  probability  it  was 
not  a  simple  substance,  but  might  be  a  mixture  of  the  resinous 

Sroductions  of  the  country,  with  the  pitch  of  tliat  tree  which 
i^had  in  greatest  plenty. 
The  pitch  of  this  mummy  was  carefully  distilled,  but  it 
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gave  no  other  produce  than  what  might  be  expected  from  a 
resinous  body ;  the  caput  mortuum,  when  burned  and  elixated, 
yielded  a  fixed  alkali ;  to  this  may  be  attributed  the  moisture 
which  the  pitch,  that  was  in  contact  with  the  spine,  and 
those  oUier  parts  which  were  most  burned,  contracted  on 
being  broken  and  exposed  to  the  air  r  for  this  pitch  had  an 
alkaline  taste,  and  had  been  more  than  melted,  having  been 
burned  to  a  caput  mortumn.  A  great  variety  of  experiments 
were  made  on  this  pitchy  matter:  the  result  of  them  all 
tended  to  prove,  that  it  had  not  the  least  resemblance  to 
asphaltus,  but  was  certamly  a  vegetable  resinous  substance* 


Observations  on  the  Proportion  wMch  the  Decrease  of  Heat 
bears  to  the  Height  of  Situation.  By  Thomas  HeberdeNj 
M.I}.F.E.S,— 11765.'] 

The  remarkable  transition  from  heat  to  cold  in  all  seasons, 
in  proportion  as  we  ascend  TenerifFe,  induced  Dr.  H.  to  make 
the  following  observations,  with  intention  to  discover  if  there 
subsists  any  regularity  between  the  difference  of  heat  and  the 
elevation  of  situation.  Some  persons  were  supplied  by  him  with 
the  proper  instruments,  and  their  watch  adjusted  by  his  re- 
gulator :  they  were  instructed  to  remark  the  hour  and  minute 
each  observation  was  made,  and,  on  their  return,  their  observ- 
ations Vfere  compared  with  the  height  of  the  thermometer  and 
barometer  in  his  study  at  the  time  of  the  observation,  of  which 
he  had  kept  an  exact  account  during  the  journey.  From  which 
observations  he  formed  the  following  table,  supposing  the 
descent  of  the  barometer  -j^  of  an  inch  for  every  90  feet :  — ^? 

Elevat.  corresponding 
Descent  of  to   each  Degree  of 

Thermom.  Thermometer. 


Jgrees. 

Feet. 

2 

180 

5i 

196+ 

6 

195 

9 

150 

10 

148.5 

17 

198 

19 

199 

18 

253 

Though  tlie  different  degrees  of  heat  in  different  places 
roust  depend  greatly  on  the  accident  of  situation,  with  regard 
to  mountains,  vallies,  and  to  the  different  soils,  &c.  yet  there 
is  so  much  regularity  in  the  above  observations,  that  perhaps 
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we  shall  not  err  much  in  computing,  where  the  soil  and  surface 
lOre  tolerably  imiform,  "  the  decrease  of  heat,  by  Fahrenheit's 
thermometer,  in  the  proportion  of  one  degree  for  near  190 
feet  of  elevation  on  this  island/' 


1 


On  the  Nature  und  Formation  of  Sponges,  By  John  Ellis^ 
Esq.  F.R.S.— [1*165.'} 

Among  those  animals  commonly  called  zoophytes,  we  may 
plainly  discover  an  evident  approximation,  from  the  rudest 
irregularly  formed  sponge,  which  is  the  lowest  being  yet  ob- 
served  to  have  the  appearance  of  animal  life,  to  the  most 
beautiful  and  elegant  red  coral.  The  nature  and  formation  of 
sponges  having  never  yet  been  thoroughly  investigated,  &y&nf 
attempt  to  explain  this  dark  part  of  nature  must  give  satis- 
faction to  the  curious* 

In  the  year  1762,  when  at  the  sea-side  at  Brighthehnstone, 
he  dissected  carefully  the  crumb  of  bread-sponge,  in  hopes  of 
discovering  the  small  animal  that  was  supposed  to  fabricate 
them ;  and  was  surprised  to  find  a  great  number  o^  small 
worms  in  them,  particularly  a  very  small  kind  of  nereis,  or 
sea-scolopendra ;  but  these  worms  appeared  evidently,  instead 
of  being  the  fabricators  of  it,  to  have  pierced  their  way  into 
its  soft  substance,  and  made  it  only  their  place  of  retreat  and 
security.  After  this,  he  proceeded  along  the  sea-coast  to 
Little  Hampton,  near  Arundel,  on  the  coast  of  Sussex,  where 
he  took  up  out  of  the  sea  several  specimens  of  the  same  sort 
of  sponge  full  of  an  orange-coloured  gelatinous  matter ;  and, 
while  they  were  just  fresh  from  the  sea,  examined  them,  after 
they  had  rested  for  some  time,  in  glasses  of  sea-water;  and 
to  his  great  surprise,  instead  of  seeing  any  of  the  polype-like 
suckers,  or  any  minute  animal  figure  come  out  of  the  pi^iUse, 
or  small  holes  with  which  they  are  surrounded,  he  only  ob* 
served  these  holes  to  contract  and  dilate  themselves.  And  as 
a  further  confirmation  of  this  motion,  being  at  Hastings,  ia 
Sussex,  in  August,  1764,  he  collected  from  the  rocks,  at  ebb- 
tide, just  under  water,  a  variety  of  the  same  kind  of  sponse^ 
but  of  a  pale  yellow  colour,  and  in  the  form  of  several  cocis* 
combs  united  together,  the  tops  of  which  were  full  of  tubular 
cavities,  or  papillae ;  when  he  examined  these  in  glasses  of 
sea-water,  he  could  plainly  observe  these  little  tubes  to  re- 
ceive and  pass  the  water  to  and  fro ;  so  that  the  sponge  is  an 
animal  sui  generis,  whose  mouths  are  so  many  holes  or  ends 
(tf  branched  tubes  opening  on  its  surfiice ;  with  these  it  receives 
lU  nourishment,  and  by  these  it  discharges,  like  the  polypes, 
m  excrements.  o..e..vGoogle 
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The  connected  tubes  of  both  arise  from  the  part  to  which 
they  adhere  to  the  rocks,  &c.  Hence  both  kinds  branch  out 
una  swell  into  irregular  lobes ;  with  this  difference,  that  the 
surface  of  the  sponge  is  covered  with  holes  guarded  with 
minute  points  like  little  spines  ;  the  surface  of  the  alcyonium 
with  starry  openings  of  eight  rays,  whence  the  polype-like 
suckers  are  protruded,  to  find  out  proper  nourishment :  and 
these  starry  openings  in  one,  and  the  holes  in  the  other,  so  ^ 
corresponcC  that  in  both  kinds  they  are  found  of  different  sizes ; 
"but  this  is  in  proportion  to  the  age  of  the  branching  tubes  that 
come  to  the  surface. 

In  the  sections  of  the  alcyonimn  'may  plainly  be  distin- 
guished the  reticulated  elastic  fibres,  that  enclose  the  trans- 
parent stiff  gelatinous  part,  as  in  the  sponges ;  but  as  this 
gluey  substance  is  of  a  firmer  texture  than  what  is  found  in 
sponges,  it  requires  more  pains  to  separate  it  from  the  elastic 
fibres ;  however^  with  a  little  trouble  it  may  be  done  suf- 
ficiently to  evince  what  he  has  endeavoured  to  prove,  viz.  the 
great  proximity  there  is  between  the  animal  fife  of  sponges 
and  alcyoniums,  and,  consequently,  that  both  are  animals. 

Before  concluding,  he  enaeavours  to  remove  some  doubts, 
which  seem  to  have  distressed  the  generality  of  curious  per- 
sons to  accoimt  for ;  the  one  is,  What  occasions  those  very 
large  holes  that  appear  here  and  there  irregularly  on  the  sur- 
face of  most  sponges  ?  the  other  is,  How  came  those  extra- 
neous bodies,  such  as  small  shells,  stones,  and  even  parts  of 
fucuses,  in  the  middle  of  these  animal  bodies  ?  In  answer  to 
the  first,  on  cutting  open  and  examining  these  bodies  while 
recent  in  sea-water,  as  before  shown,  we  frequently  find  a 
variety  of  different  worms,  who  bore  their  way  into  them,  and 
make  their  nests  and  retreats  there,  or  perhaps  to  live  on  the 
gelatinous  part  of  the  sponge.  But  he  says,  these  are  not  the 
fabricators,  but  the  mhabitants;  and  allows  the  alcyonium  to 
be  of  animal  origin,  in  which  he  says  he  has  discovered  evident 
marks  of  sensation.  As  to  the  second  doubt,  it  may  be  ob- 
served by  the  curious  enquirer  into  nature,  that  the  same  pro- 
perty of  inclosing  extraneous  sub- 
stances is  common  to  the  whole  class 
of  zoophytes,  as  they  grow  up,  from 
the  sponge  to  the  red  coral. 

A  is  an  irregular  piece  of  the 
crumb  of  bread-sponge,  found  at 
Pagham,  on  the  sea-coast  of  Sussex ; 
a  represents  the  papillae,  through 
which  the  sponge  receives  and  dis- 
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charges  the  water :  this,  when  recent,  is  of  a  fine  orange 
colour. 

B  is  the  branched  English  sponge :  along  the  edges,  and  on 


the  surface  of  the  branches,  are  rows  of  small  papillary  holes, 
through  which  the  animal  receives  its  nourishment. 

C  represents  the  downy-branched  English  sponge  found 
on  the  Sussex  coast ;  this  is  covered  over  with  a  fine  down 
so  close,  that  it  hides  the  many  small  holes  that  are  on  its 
surface. 

Description  of  Mount  Sinai,  By  IB,  W.  Montagus* 
At  Suez  he  found  an  opportunity  of  going  to  Tor  by  sea, 
which  he  gladly  embraced,  that  by  going  nearer  the  place  at 
which  the  Israelites  are  supposed  to  have  entered  the  gulf, 
and  having  a  view  from  the  sea,  as  well  of  that  as  of  the 
opposite  shore,  he  might  be  a  little  better  able  to  form  a 
judgment  about  it.  Here  it  is  high  water  always  when  the 
moon  is  at  her  meridian  height,  and  it  ebbs  six  hours.  .  At 
Suez,  it  flows  six  feet ;  the  spring-tides  are  nine ;  and  in  the 
variable  months,  from  the  beginning  of  November  to  the  end 
of  April,  sometimes  12,  From  the  beginning  pf  May  to  the 
beginning  of  October,  a  northerly  wind  generally  rises,  and 
goes  down  with  the  sun 'fit  is  often  very  strong.  This  wind 
never  fails  in  these  months,  unless  there  be  some  violent 
storm ;  the  rest  of  the  year  the  winds  are  variable ;  and  when 
they  blow  hard  at  S.  and  S.  S.  E.  these  winds  set  up  the  sea 
through  the  narrow  strait  of  Babel  Mandel,  and  up  this  gulf 
through  its  mouth,  between  Gebe}  £1  Zait,  on  the  west  side 
of  this  sea,  and  the  soutJiermost  point  of  the  bay  of  Tor,  on 
the  east  side  of  this  western  branch  of  this  sea,  where  it  is 
not  above  12  or  14?  miles  over.  Probably  such  a  wind, 
hindering  the  water  fi'om  going  out,  causes  this  extraordinary 
increase  in  the  spring  tides.  The  same  thing  happens  witn 
the  same  winds  at  Venice,  both  gulfs  running  nearly  in  the 
same  direction.  r 

The  Egyptian,  western,  or  Thebaic^  Ihorb,  from  Badeah 
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scaithward  to  opposite  Tor,  on  the  eastern  shore,  is  all  moun- 
tainouSy  and  steep ;  and  at  Ellm,  the  northernmost  point  of 
the  bay  of  Tor,  ends  the  ridge  of  mountains,  which  begin  on 
the  eastern  shore  of  this  western  branch  at  Karondel.  The 
garden  of  the  monks  of  Mount  Sinai  at  Elim  renders  in 
dates,  &c.  20,000  piastres  per  annum,  or  2500/L  Thence  they 
crossed  the  plain,  in  about  eight  hours,  and  entered  the 
mountains  of  Sinai.  They  are  of  granite  of  different  colours. 
At  the  entrance  of  the  narrow  breach,  through  which  they 
passed,  he  saw,  on  a  large  loose  granite  stone,  an  inscription 
m  unknown  characters,  given,  he  thinks,  by  Dr.  Pocock, 
Bishop  of  Ossory ;  however,  as  the  Israelites  had  no  writing, 
that  we  know  of,  when  they  passed  here,  he  did  not  think  it 
of  consequence  enough  to  stop  for:  they  arrived  at  the 
convent  of  Mount  Sinai,  after  the  usual  difficulties  mentioned 
by  other  travellers,  and  were  received  as  usual,  and  saw  the 
usual  places.  The  monks  were  far  from  owning  that  they  had 
ever  meddled  with  the  print  of  the  foot  of  Mahomet's  camel. 
He  examined  it  narrowly,  and  no  chisel  has  absolutely  evet 
touched  it,  for  the  coat  of  the  eranite  is  entire  and  unbroken 
in  every  part;  and  every  body  knows,  that  if  the  coat  of  less 
hard  stones  than  granite  be  once  destroyed,  it  never  returns. 
It  is  a  most  curious  lusus  naturse,  and  the  Mahometans 
turn  it  to  their  account.  Meribah  is  indeed  surprisingly 
striking.  He  examined  the  lips  of  its  mouths,  and  found 
that  no  chisel  had^ver  worked  there :  the  channel  is  plainly 
worn  by  only  the  course  of  water,  and  the  bare  inspection  of 
it  is  siifficient  to  convince  any  one  it  is  not  the  work  of  man* 
Among  the  innumerable  cradks  in  rocks,  ^hich  he  had  seen 
in  this,  as  well  as  other  parts  of  the  world,  he  never  met 
with  any  like  this,^  except  that  at  Jerusalem,  and  the  two 
in  the  rock  which  Moses  struck  twice. 

He  enquired  of  the  monks,  as  well  as  Arabs,  about  certain 
places,  as  well  as  about  some  ruins,  supposed,  by  the  Bishop 
of  Ossory,  to  be  Kadesh  Barnea :  the  former  could  only  tell 
him  they  had  not  received  any  fish  from  thence  for  many 
years ;  that  it  was  two  easy  days'  journey  off,  but  the  road  was 
mountainous ;  so  one  may  suppose  the  distance  less  than  40 
miles.  The  Arabs  agreed  as  to  the  road ;  but  they  said,  it 
was  once  a  large  place,  where  their  prince  lived,  whose 
daughter  Moses  married ;  that  Moses  was  afterwards  then: 

Srince,  and  the  greatest  of  all  prophets.  These  Arabs  place 
loses  the  first,  Solomon  the  second,  Mahomet  the  third, 
Christ  the  fourth,  and  then  the  prophets  of  the  Bible.  As 
to  Dzahab,  the  monks  only  knew  the  distanoe  to  be  four 
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days'  journey,  and  that  there  was  a  road  from  it  to  Jerusalem  ; 
the  Arabs  told  him  the  same,  so  thd  distancj  is  about  SO 
miles.  He  enquired  of  them  all  about  the  ruins  :  they  told 
him  there  were  very  considerable  ones  about  half  way  to 
Dzahab,  about  40  miles  from  Sinai;  but  he  thinks  Kadesh 
must  have  been  much  nearer  to  Jerusalem.  He  would 
willingly  have  gone  to  these  places ;  but  as  the  four*  clans  of 
Arabs,  which  inhabit  this  promontory,  were  then  at  war  one 
with  the  other,  he  could  get  no  conauctor.  However,  com- 
bining the  whole  together,  and  comparing  it  with  what  we 
collect  from  Scripture,  he  thinks  we  may  well  conclude^ 
Sharme  to  be  Midian,  and  Meenah  £1  Dzahab  to  be  Ezion- 
geber :  what  the  mterjacent  ruins  are  he  cannot  conjecture ; 
but  he  believes  he  had  found  Kadesh  Barnea  to  be  elsewhere^ 
He  thinks  it  cannot  be  here ;  for  the  Israelites  were  on  the 
borders  of  the  Holy  Land,  or  Land  of  Promise,  when  they 
were  ordered  back;  and  when  they  were  stopped  by  the 
Moabites,  they  are  said  to  have  been  brought  up  from  Kadesh 
Barnea. 


Tiree  Papersy  wnimnvng  Experiments  on  faditious  Air.  By 

the  Bon.  Henby  CAFsmisBy  F.R.^.^  [1766.] 
*  By  factitious  air,  says  Mr.  C,  I  mean  in  general  any  kmd 
of  air  which  is  contained  in  other  bodies  in  an  imelastic  state, 
and  is  produced  from  thence  bv  art.  By  fixed  air,  I  mean 
that  particular  species  of  factitious  air  which  is  separated 
from  alkaline  substances  by  solution  in  acids,  or  by  calcin«> 
ation ;  and  to  which  Dr.  Black  has  given  that  name  in  his 
treatise  on  quicklime. 

On  inflammdhU  Avr^  —  I  know  of  only  three  metallio 
substances,  namely,  zinc,  iron»  and  tin,  that  generate  inflamr 
mable  air  by  solution  in  acids ;  and  those  only  b^  solution  in 
the  diluted  vitriolic  acid,  or  spirit  of  saH.  Zinc  dissolves  with 
great  rapidity  in  both  these  acids ;  and,  unless  they  are  very 
much  diluted,  generates  a  considerable  heat.  One  ounce  of 
zinc  produces  about  356  ounce  measures  of  air,  the  quantity 
seems  just  the  same  whichever  of  these  acids  it  is  dissolv^' 
in.  Iron  dissolves  readily  in  the  diluted  vitriolic  acid,  but  no| 
near  so  readily  as  zinc. '  One  ounce  of  iron  wire  produces 
about  412  ounce  measures  of  air :  the  quantity  was  just  tho 
same,  whether  the  oil  of  vitriol  was  diluted  with  1  J,  or  seven 
times  its  weight  of  water  ;  so  that  the  quantity  of  air  produced 
aeems  not  at  all  to  depend  on  the  strength  of  the  acid. 

Tin  was  found  to  dissolve  scarcely  at  all  in  oil  of  vitriol 
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4ituted  with  an  equal  weight  of  water,  while  cold ;  with  the 
assistance  of  a  moderate  heat  it  dissolved  slowly,  and  gener- 
.ated  air>  which  was  inflammable ;  the  quantity  was  not  ascer* 
'tained.  Tin  dissolves  slowly  in  strong  spirit  of  salt  while 
^cold :  with  the  assistance  of  heat  it  dissolves  moderately  fast* 
One  ounce  of  tin-foil  3delds  202  ounce  measures  of  inflam* 
mable  air. 

I  cannot  find  that  this  air  has  any  tendency  to  lose  its 
■elastidty  by  keepmg,  or  that  it  is  at  all  absorbed,  either  by 
water,  or  by  fixed  or  volatile  alkalies ;  as  I  have  kept  some  by 
me  for  several  weeks  in  a  bottle  inverted  into  a  vessel  of 
water,  without  any  sensible  decrease  of  bulk ;  and  as  I  have 
also  kept  some  for  a  few  days,  in  bottles  inverted  into  vessels 
.of  soap  lees  and  spirit  of  sal  ammoniac,  without  perceiving 
their  bulk  to  be  at  ^1  diminished. 

It  has  been  observed  by  others,  that  when  a  piece  of 
lighted  paper  is  applied  to  the  mouth  of  a  bottle,  containing 
a  mixture  of  inflammable  and  common  air,  the  air  takes  fire, 
and  goes  ofiPwlth  an  explosion.  With  one  part  of  inflamma- 
ble air  to  nine  of  common  air,,  the  mixture  would  not  take 
fire,  on  appl3ring  the  lighted  paper  to  the  mouth  of  the  bottle; 
but  on  putting  it  down  into  the  belly  of  the  bottle,  the  air 
took  fire,  but  made  very  little  sound.  With  two  parts  of  in- 
flammable to  eight  of  common  air,  it  took  fire  immediately, 
on  applying  the  flame  to  the  mouth  of  the  bottle,  and  went  oS 
with  a  moderately  loud  noise.  With  three  parts  of  inflam- 
mable air  to  seven  of  common  air,  there  was  a  very  loud  noise* 
With  four  parts  of  inflammable  to  six  of  common  air,  the 
sound  seemed  very  little  louder.  With  equal  quantities  of 
inflammable  and  common  air,  the  sound  seemed  much  the 
same. 

With  six  parts  of  inflammable  to  four  of  common  air,  the 
sound  was  not  very  loud :  the  mixture  continued  burning  a 
short  time  in  the  bottle  after  the  sound  was  over.  With 
seven  parts  of  inflammable  to  three  of  common  air,  there  was 
a  very  gentle  bounce,  or  rather  puff:  it  continued  burning 
for  some  seconds  in  the  belly  of  the  bottle.  A  mixture  of 
eight  parts  of  inflammable  to  two  of  common  air  caught  fire 
on  applying  the  flame,  but  without  any  noise :  it  continued 
burning  for  some  time  in  the  neck  of  the  bottle,  and  then 
went  out,  without  the  flame  ever  extending  into  the  belly  of 
the  bottle.  It  appears  firom  these  experiments,  that  this  air, 
like  other  inflammable  substances,  cannot  burn  without  the 
assistance  o£  common  air. 
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There  ibi^emd  loo  reason  to  ims^ne,  from  these  experi- 
ments, that  there  is  any  difference  in  point  of  specific  gravity 
between  these  four  sorts  of  inflammable  air.  Taking  a  me* 
dium,  therefore,  of  the  different  trials,  80  ounce  measures  of 
inflammable  air  weigh  41  grains  less  thain  an  equal  bvdk  of  com^ 
mon  air.  Therefore  if  the  density  of  common  air,  at  the 
time  when  this  experiment  was  tried,  was  800  times  less  than 
that  of  water,  which,  I  tmagme,  must  be  near  the  truth,  in- 
flammable ftir  must  be  5490  times  lighter  than  water,  or  near 
feeven  times  lighter  than  common  air.  But  if  the  density  of 
common  air  was  850  times  less  than  that  of  Water,  theii 
would  inflammable  an*  be  9200  times  lighter  than  water,  ot 
10^  lighter  than  common  air. 

JExpeHtnefKis  on  Jtsed  Air.  —  The  ait  produced,  by  dm- 
solving  marble  in  spirit  of  salt,  was  caught  in  an  inverted 
bottle  of  Water,  m  tne  usUal  manner.  In  less  than  a  day's 
time,  much  the  gi'eatest  part  of  the  air  was  found  to  be  ab^ 
Sorbed.  The  Water  contained  in  the  inverted  bottle  was 
found  to  precipitate  the  earth  from  lime^watet ;  k  sure  sign 
llbat  it  had  absorbed  fixed  air. 

The  specific  gravity  of  fixed  air  was  tried  by  means  of  d 
bladder,  in  the  same  manner  which  was  made  use  of  for  find- 
ing the  specific  gravity  of  hiflammable  air ;  except  that  the 
air,  instead  of  being  caught  in  an  inverted  bottle  of  water, 
and  thence  transferred  into  the  bladder,  was  thrown  into  the 
bladder  immediately  fi*om  the  bottle  Which  contained  the 
marble  and  spirit  of  salt,  by  fastening  a  glass  tube  to  [the 
Wooden  cap  of  the  bladder,  and  luting  that  to  the  mouth  of 
the  bottle  containing  the  effervescing  mixture,  in  such  manner 
as  to  be  air-tight.  The  tladder  was  kept  on  till  it  was  quite 
full  of  fixed  air :  being  then  taken  off  and  weighed,  it  was 
found  to  lose  34  grains,  by  forcing  out  the  air.  The  bladder 
Was  previously  found  to  hold  100  oimce  measures.  Whence 
if  the  outward  air,  at  the  tiine'when  this  experiment  was 
tried,  be  supposed  to  haVe  been  ^00  times  lighter  than  water, 
fixed  air  is  511  times  lighter  than  water,  or  1^  times 
heavier  than  common  air. 

Fixed  air  hte  no  power  of  keeping  fire  alive,  as  common 
air  has  ;  but,  on  the  contraiy,  that  property  of  common  air  is 
Very  much  diminished  by  the  mixture  of  a  small  quantity  of 
fixed  air,  as  appears  thus :  A  small  wax  candle  burnt  80^  m  a 
receive,  which  held  190  ounce  measures,  when  filled  with 
common  air  otjfy.  The  same  candle  burnt  51*  in  the  same  re« 
ceiver,  when  filled  with  a  mixture  of  one  part  of  fixed  air  to 
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19  of  common  air,  i.  e.  when  the  fixed  air  was  ^  of  the 
whole  mixture.  When  the  fixed  air  was  ^  of  the  whole  mix* 
tcaey  the  candle  burnt  23«.  When  the  fixed  air  was  ^  of 
the  whole,  it  burnt  11".    When  the  fixed  air  was  ^  or  -}.  of 

the  whole  mixture,  the  candle  went  out  immediately. 
Hence  it  should  seem,  that  when  the  air  contain^  near  one 
ninth  its  bulk  of  fixed  air,  it  is  unfit  for  small  candles  to 
bum  ih. 

One  thousand  grdns  of  marble  were  found  to  contain  407^ 
grains  of  air,  and  1661  grains  of  volatile  sal  ammoniac  con- 
tain 885  grains.  Therefore  this  parcel  of  volatile  sal  ammo- 
niac contains  more  fixed  air,  in  proportion  to  the  quantity  of 
acid  that  it  can  saturate,  than  marble  does,  in  the  proportion 
rf  885  to  407i,  or  of  217  to  100. 

One  thousand  five  hundred  and  fifty-eight  er^s  of  pearl 
ashes  were  found  to  saturate  as  much  acid  as  1000  grains  of 
Garble ;  therefore  this  parcel  of  pearl  ashes  contains  more 
air,  in  proportion  to  the  quantity  of  acid  that  it  can  saturate, 
than  marble  does,  in  the  proportion  of  109  to  100. 

It  was  found,  by  the  same  method  that  was  made  use  of 
for  the  volatile  sal  ammoniac,  that  crystals  of  salt  of  tartar 
contain  -^^  of  their  weight  of  fixed  air,  and  that  20S5  grains 
of  them  saturate  as  mudi  acid  as  1000  grains  of  marble. 
Therefore  these  cryittals  contam  more  air,  in  proportion  to 
tfad  quantity  of  acid  they  saturate,  than  marble  does,  in  the 
iBtiDof211  to  loa 

Air  pmdnoeA  hy  FfmaemUOxon  and  PiOrefiu^Um*  —  The 
air  produdfcd  ficom  broiwn  sugar  and  water,  by  fermentation, 
"wss  caiight  in  an  inverted  bottle  of  soap  lees  in  the  usual 
manner.  The  quantity  of  sugar  put  into  the  bottle  was  9S1 
grains :  it  was  dissolved  in  about  6^  times  its  weight  of  water, 
.flod  mixed  with  100  grams  of  yeast,  by  way  of  ferment.  The 
wopty  i^aoe  kfb  in  the  fermenting  bottle  and  tid)e  together 
measured  1920  grains.  The  mixture  fermented  fireely,  and 
generated  a  great  deal  of  an*,  which  was  forced  up  in  bubbles 
nto  the  inverted  botd^e,  but  was  absorbed  by  the  soi^)  lees, 
as  fisist  as  it  rose  up.  It  frothed  greatly ;  but  none  of  the 
froth  or  liquor  ran  over.  In  about  10  days,  the  fermentation 
seeming  almost  over,  the  vessels  were  separated.  The  bottle 
with  the  fermented  Hquor  was  found  to  weigh  412  grains  less 
than  it  did  before  the  fermentation  began.  The  air  remain- 
ing unabsorbed  in  the  inverted  bottle  of  soi^  lees  was  mea- 
sured, and  was  found  to  be  exactty  equal  to  the  empty  space 
4efi  in  the  bent  tube  and  fermentmg  bottle,   ^tamieara, 
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tiierefore,  that  there  Is  not  the  least  air  of  any  kind  dift- 
■  charged  from  the  sugar  and  water  by  fermentation,  but  what 
is  absorbed  by  the  soap  lees,  and  which  may  therefore  be 
'  reasonably  supposed  to  be  fixed  air. 

The  air  discharged  from  apple-juice,  by  fermentation,  wui 
tried  exactly  in  the  same  manner.  The  quantity  set  to  fer* 
ment  was  7060  erains,  and  was  mixed  with  100  grains  of 
yeast.  Some  of  me  same  parcel  of  apple-jidce,  being  evapo- 
rated^gently  to  the  consistence  of  a  moderately  hard  extract, 
was  reduced  to  one  seventh  of  its  weight ;  so  that  the  quan- 
tity of  extract,  in  the  7060  grains  of  juice  employed,  wa^ 
1009  grains.  The  liquor  fermented  much  faster  than  the 
sugar  and  water.  The  loss  of  weight  during  the  fermentation 
was  384  grams.  The  air  remaining  imabsorbed  in  the  In- 
verted bottle  of  soap  lees  was  lost  by  accident ;  therefore 
there  is  no  reason  to  tldnk  that  the  apple-juice,  any  more 
than  the  sugar  and  water,  produced  any  kind  of  air  dui:^ 
the  fermentation,  except  fixed  air. 

A  small  wax  candle  burnt  l&  in  a  receiver  filled  with  ^ 
.  of  air  from  sugar,  the  rest  common  air.  In  a  mixture  con- 
.taining  -^  or  ^^  *of  air  firom  sugar,  tlie  rest  common  air,  the 

candle  went  out  immediately.  When  the  receiver  was  filled 
.with  common  air  only,  the  same  candle  burnt  7^- 

It  appears  firom  these  experiments,  that  the  air  produced 
from  sugar  by  fermentation,  and  in  dl  probability  ^t  firom 
all  the  other  sweet  juices  of  vegetables,  is  of  the  same  kind 
as  tliat  produced  from  marble  by  solution  in  acids,  or  at  least 
does  not  differ  more  fi*om  it  than  the  different  ^arts  of  that 
air  do  firom  each  other,  and  may  therefore  justly  be  called 
fixed  air. 

The  air  produced  firom  gravy  broth  by  putrefiiction  wa|i 
•forced  into  an  inverted  bottle  of  soap  lees,  in  the  same  way.  as 
in  the  former  experiment.  The  quantity  of  broth  used  was 
7640  grains,  and  was  found,  by  evaporating  some  of  the  same 
to  the  consistence  of  a  dry  extract,  to  contain  16S  grains,  of 
solid  matter.  The  fermenting  bottle  was  immersed  in  wates, 
kept  constantly  to  the  heat  of  about  96^.  In  about  two  days 
the  fermentation  seemed  entirely  over.  The  liquor  smelt  very 
putrid,  and  was  found  to  have  lost  11  i  grains  of  its. weight. 
The  soap  lees  had  acquired  a  brownish  colour  fir.om  the  putrid 
•vapours,  and  a  musty  smell.  The  air  foBced  into  the  in>- 
verted  bottle,  and  not  absorbed  by  the  soap  lees,  measured 
6280  grains :  the  air  left  in  the  bent  tube  and  fermendng 
bottle  was  1100  grains.    The  aur  was  found  to  be  inflammar 
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bie ;'  for  a  small  phial  being  filled  with  109  grain  measures  of 
ky  and  SOI  of  common  air,  which  comes  to  the  sam^  thing  as 
90  grains  of  pure  factitious  air,  and  320  of  common  air,  it 
took  fire  on  applying  a  piece  of  lighted  paper,  and  went  off 
lirith.a  gentle  bounce,  of  much  the  same  degree  of  loudness  as 
i^hen  Uie  phial  was  filled  with  the  last-mentioned  quantities 
of  inflammable  air  firom  zinc,  and  common  air. 

On  the  whole,  it  seems  that  this  sort  of  inflammable  air  is 
nearly  of  the  same  kind  as  that  produced  firom  metals.  '  It 
idiould  seem,  however,  either  to  be  not  exactly  the  same,  or 
dse  to  be  mixed  with  some  air  heavier  than  it,  and  which  has 
in  some  degree  the  property  of  extinguishing  flame,  like 
fixed  air. 


Observations  an  Ammah  commofdy  called  Angthihuma.    By 

Dr.  PAitsoNs,F.E.S.-^  11766.']    , 

If  we  consider  the  term  amphibious  we  should  understand 
that  animals,  having  this  title,  should  be  cajpable  of  living  as 
well  by  land  or  in  the  air,  as  bv  water,  or  or  dwelling  in  either 
ccHistanUy  at  will ;  but  it  will  be  difficult  to  find  any  animal 
that  can  fulfil  this  definition,  as  being  equally  qualified  for 
other ;  and  in  classing  creatures  of  this  kind,  authors  are 
BQUch  divided,  and  sometimes  mistaken. 

As  to  the  class  of  die  phoctB^  which  consists  of  a  very  nu« 
merous  tribe  of  different  species,  he  thinks  that  none  of  them 
can  live  chiefly  in  the  waters,  but  that  their  chief  enjoyment 
of  the  functions  of  life  is  on  shore.  These  animals  are  really 
quadrupeds ;  but,  as  their  chief  fix)d  is  fish,  they  are  under  a 
necessity  of  going  out  to  sea  to  hunt  their  prey,  and  to  great 
distances  firom  shore;  tiJdng  care  that,  however  great  the 
distance,  rocks  or  small  islands  are  at  hand,  as  resting  places 
when  they  are  tired ;  and  they  return  to  the  places  of  their 
usual  resort,  for  the  following  reasons ;  viz.  It  is  well  known 
that  the  only  essentiid  difference  (as  to  the  general  structure 
of  the  heart)  between  amphibious  and  mere  land  animals,  or 
isuch  as  never  %o  into  uie  water,  is  that  in  the  former  the 
oval  hole  remains  always  open.  Now  in  such  as  are  without 
this  hole,  if  tiiey  were  to  be  immersed  in  water  for  but  a  little 
time,  respiration  would  cease,  and  the  animal  must  die ;  be- 
cause a  great  part  of  the  mass  of  blood  passes  firom  the  heart, 
by  the  pulmonary  artery,  through  the  lungs,  and  by  the  pul- 
monary veins  returns  to  tiie  heart ;  while  the  aorta  is  carrying 
the'ereater  part  of  the  mass  to  the  head  and  extremities,  &c. 
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Now  the  blood  passes  through  the  lungs  in  a  cootiaual  uiilii.. 
ternq>ted  stream,  while  respiration  is  gentle  and  moderate  i 
but  when  it  is  violent,  then  the  circuhtion  is  interrupte<]^  for 
Inspiration  and  expiration  are  now  carried  to  their  extent ;  and 
in  Uiis  state  the  blood  cannot  pass  throi^h  the  lungs  either 
daring  the  total  inspiration  or  total  expiration  of  the  air  in 
breathing ;  for  in  the  fofmer  case  the  ii^tion  compresses  the. 
returning  vems,  and  in  the  latter,  by  the  coUapsion  of  the 
hmgs,  these  tyeins  are  interrupted  also ;  so  that  it  is  onJjr  be* 
tween  these  two  violent  actions  that  the  blood  can  pass :  ajnd 
hence  it  is  that  the  lives  of  animals  are  shortened,  and  their 
health  impaired,  when  they  are  subjected  to  frequent  violent 
respiration ;  and  thus  it  is  that  in  animals  who  have  onoe 
breathed,  they  must  continue  to  respire  ever  after ;  for  life  is 
at  an  end  when  that  ceases. 

Let  us  now  examine  by  what  power  these  animals  are 
capable  of  remaining  longer  under  #ater  than  land  animals; 
AU  these  have  the  oval  hole  open,  between  the  right  and  left 
mirides  of  the  heart,  and  in  many  the  canalis  arteriosus  also : 
and  while  the  phoca  remains  under  water,  which  he  may  con-* 
tinue  an  hour  or  two  more  or  less^  his  respiration  is  stopped^ 
and  the  blood,  not  finding  the  passage  throu^  the  pulmonaiv 
artery  free,  rushes  through  the  hole  from  the  ri^t  to  the  left 
iauricie,  and  partly  through  the  arterial  canals  being  a  short 
passage  to  the  aorta,  and  thence  to  every  part  of  the  body^ 
maintaining  the  circulation :  but,  on  rising  to  come  ashore, 
the  blood  &ids  its  passage  again  through  the  luQgs  the  moment 
he  respires. 

Otters,  beavers,  and  some  lands  of  rats,  go  occaaioDaUy  into 
the  wat^  for  tlieir  prey,  but  cannot  remain  very  long  under 
water.  Dr.  P.  has  seen  an  otter  go  softly  from  a  bank  into 
the  river,  and  dive  down,  and  in  about  two  minutes  rise,  at  10 
or  15  yards  from  the  place  he  wepit  in,  with  a  middling  salmon 
in  his  mouth,  which  he  brought  on  shore. 

Frogs,  how  capable  soever  of  remaining  in  the  water,  yet 
cannot  avoid  living  on  land,  for  they  respire ;  and  if  a  frog  be 
thrown  into  a  river,  he  makes  to  the  shore  as  &st  as  he  can« 
The  lizard  kind,  such  as  may  be  called  water  lizards,  or  lacert® 
aquaticae,  are  all  obliged  to  come  to  land  and  deposit  their 
^gs,  to  rest,  and  sleep ;  even  the  crocodiles,  who  dwell  much 
in  rivers,  sleep  and  lay  their  eggs  on  shore ;  and,  while  m  the 
Water,  are  compelled  to  rise  to  the  surface  to  breathe ;  yet, 
from  the  texture  of  his  scaly  covering,  he  is  capable  of  re- 
maining in  the  water  longer  by  far  than  any  species  of  th& 
phocae,  whose  skin  is  analogous  to  that  of  a  hg^(jSlS^^' 
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The  hippopotamus,  who  wad^  into  the  lakes  or  rivers,  is  a 
qiiadruped,  and  remains  under  the  water-a<;onsiderable  time ; 
yet  his  chief  residence  is  on  land,  and  he  must  come  on  shore 
for  respiration.  The  testudo,  or  sea-tortoise»  though  he  goes 
gut  to  sea,  and  is  often  found  far  Irom  land,  yet,  being  iv 
respiripg  animal,  cannot  remain  long  under  water.  He  has, 
indeed,  9  power  of  rendering  himsehf  specifically  heavier  or 
lighter  than  the  water^  and  Sierefore  can  let  himself  down  to 
^oid  an  enemy  or  a  ptorm ;  yet  he  is  under  a  necessity  of 
fising  IrequenUy  to  breathe,  for  reasons  give^  before ;  anq 
^is  most  usual  situation,  whUe  at  ^ea,  is  on  the  surface  of  the 
water,  feeding  on  the  various  subst«uic?s  tha^  float  in  great 
abimdance  every  where  about  him :  these  animals  sleep  se» 
curely  on  the  sur&ce,  but  not  under  water,  and  can  remain 
'^nger'  al  sea  than  any  others  of  this  dl^,  except  the  crih 
oMlile,  because,  as  H  is  with  liie  latter,  his  covering  is  not  m 
^$mger  of  bfing  too  much  macer^d. 

J!^et  us  pQw  espainine  into  the  reason  why  these  vermicular 
Ssjb,  the  eel  ^d  serpent  kind^,  pan  live  a  considerable  time  oa 
land,  ^d  the  vertical  and  horizont^  kinds  die  almost  imme- 
diately wh^n  taken  out  of  the  water ;  and>  in  thi^  researclu 
9^e  sKall  come  to  know  what  analogy  tliere  is  between  l^nq 
^imals  and  those  of  the  waters*  All  land  animals  have 
luiJgs,  and  can  live  no  longer  than  while  these  are  injSated  by 
Ihe  ambient  air,  and  alternately  compressed  for  its  expulsion ; 
^at  is,  while  respiration  is  duly  carried  on,  by  a  regular  ii^3pir- 
ation  and  expiration  of  air.  In  like  manner,  the  fii^  in  general 
have,  instead  of  lungs,  gills,  or  branchiae ;  and,  as  m  land 
^{mals,  the  lungs  have  a  lar^e  portion  of  the  mas^  pf  blood 
inrpulating  through  them,  which  must  be  stopped  if  the  air 
lias  no^  a  firee  ingress  and  egress  into  and  from  them ;  so  in 
GsAij  there  is  a  great  share  of  blood-vessels  that  pass  through 
fhe  br^nchle,  and  a  great  portion  of  their  bloo4  circulates 
l^ou^  them?  which  must  in  like  manner  be  totally  popped,  if 
^e  branchiae  are  not  kept  perpetually  wet  with  water ;  so  that^ 
as  the  air  is  to  the  lungs  in  land  animals,  a  constant  assistant 
to  the  circulation,  ^o  is  the  water  to  the  branchiae  of  those  of 
the  rivers  ^d  *eap  ^  for  when  these  are  out  of  the  lyater,  thp 
branchiae  very  soon  grow  crisp  and  dry,  the  blood-vessels  are 
shrunk,  and  the  blowi  is  obstructed  in  its  passajge ;  so,  when 
the  former  are  ^wnersed  i^  water,  or  otherwise  prevented 
having  respiration,  \h^  circulation  ceases>  and  the  animal  dies. 
Again,  as  land  aniinals  would  be  destroyed  bv  too  much 
maceration  in  water,  so  fishes  would,  on  the  other  hand,  be 
ruined  by  too  muc)i  evocation ;  the  latter  being,  ftomiUieir 


^16  PARSONS   ON  fHE  WlNB-PIPES   O*  BI^DS/       ' 

general  structure  and  constitution,  made  fit  to  beaf  ,  and^Uve 
m  the  water ;  the  former,  by  their  constitution  and  fcfrths,  to 
breathe,  and  dwell  in  the  air.  ' 

Dr.  P.  mentions  something  that  relates  to  a  fkmily  among 
the  fish  kinds,  which  is  of  a  middle  nature  between  the  phocse 
and  the  real  fishes  of  the  sea,  in  one  peculiar  respect  This 
is  the  class  of  tlie  phocenae,  or  porpoises,  of  which  there  are 
several  species ;  and  these  have  lungs,  and  therefore  are  forced 
to  come  up  to  the  surface  to  breathe  at  very  short  intervals ; 
but,  when  brought  on  shore,  have  no  progressive  loco-motion* 
So  that,  having  lungsi  they  resemble  the  phocae,  and,  in  every 
other  respect,  the  real  fishes  of  the  sea. 


An  Account  cf  samepecuUar  Advantages  in  the  Structure  cf 
&e  Wind-Pipes  of  several  Birds.  By  Dr.  PjssoKSy  F.R.  A 

Dr.  p.  having  in  the  former  discourse  given  an  accouiit  of 
some  particular  phenomena  in  amphibious  animals,  which  ren* 
dered  them  more  happy  and  perfect  in  their  animal  economy 
towards  their  preservation,  he  now  lays  before  the  Royal  So- 
ciety certain  advantages  in  some  birds,  towards  assisting  them 
m  the  acquisition  of  their  food,  which  they  seek  for  in  the 
water ;  and  some  of  these  swim  on  the  water  and  dive  down 
occasionally ;  others  only  wade  into  the  water,  in  shallow 
places,  as  fkr  as  their  long  legs  will  carry  them,  without 
touching  the  water  with  Uieir  feathers,  in  search  of  their 
nourishment. 

In  the  general  run  of  birds,  the  aspera*  arteria  is  nearly 
straight ;  that  is,  having  no  plications,  but  descending  directly 
from  the  epiglottis  into  the  cavity  of  the  body,  to  he  on  the 
sternum,  and  terminating  in  the  lungs;  whereas,  in  these 
bh-ds,  which  are  the  subjects  of  this  discourse,  they  have  cer- 
tain turnings  within  the  sternum  or  breast-bone,  and  run  bade 
again  to  double  up  into  the  thorax ;  which  elongates  them  to 
double  the  length  of  those  in  other  birds  of  equal,  nay  of 
greater  magnitude,  than  the  birds  that  have  them. 

In  the  wild  swan,  the  wind-pipe  runs  down  from  its  upper  ex- 
tremity under  the  epiglottis,  m  company  with  the  oesophagus, 
till  it  comes  within  about  four  or  five  inches  of  the  last  vertebra 
of  thS^^ck:  here  the  pipe  quits  the  oesophagus,  which  keeps 
its  course  to  the  intestines,  and  makes  a  convex  curve  forward 
between  the  ossa  jugalia,  in  a  circular  sweep,  till  it  enters  into 
&  hole  formed  through  a  strong  membrane  in  the  centre  be- 
tween the  insertions  of  the  ossa  jugalia  into  the  sternum  un- 
der the  breast;  and  in  that  circuliu:  sweep  is  poyered  closely 
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by  ihe  skin,  so  that,  in  that  place,  a  very  slight  blow  woul4 
destroy  the  bird.  This  hole  is  the  beginning  of  a  theca  or 
cavity  in  the  keel  of  the  sternum,  in  which  the  pipe  passes  on 
to  the  end,  and  then  returns  back,  forming  a  loop  which  is 
circular ;  and,  passing  out  by  another  hole  wrough  the  same 
strong  membrane,  makes  another  circular  sweep  within,  and 
parallel  to  the  exterior  one,  and  then  rises  in  that  round 
4lirection,  till  it  enters  the  cavity  of  the  thorax,  and  is  divided 
into  two  branchiae,  which  terminate  in  the  lungs. 
<  The  crane  i&  the  next  that  Dr.  P.  mentions,  which  has  such 
a  turning  of  the  asperia  arteria  in  the  keel  of  the  sternum ; 
but  the  volution  of  this  bird  is  roimd  within  the  bone,  and 
may  be  compared  to  that  of  a  French-horn ;  whereas  that  of 
the  wild  swan  b  straight  within  the  bone>  and  may  be  comr 
^red  to  a  trumpet ;  yet  the  entrance  of  this  into  the  sternum,^ 
and  its  exit,  and  ks  pasSc^e  into  the  cayity  of  the  thorax,  are 
fiimilar  to  those  of  the  swan.  It  is  somewhat  surprising 
that  not  one  of  the  tribes  which  are  similar  to  the  craney 
such  as  the  herons,  storks,  bitterns,  &c.  has  any  such  struc* 
iure  of  the  asperia  arteria ;  and  yet  they  all  feed  upon  fish  or 
Jvater-insecta. 


Two  LeUers  from  the  Hon.  William  Hamilton^  containing  cm 
Account  of  the  last  Eruption  of  Mount  Vesuvius,  Doited 
Naplesy  June  10. 1766,  and  Feb.  3  1767. 


On  Good  Friday,  March  28.,  at  seven  o'clock  at  night,  the 
Java  began  to  boil  over  the  mouth  of  the  volcano,  at  first  in 
one  stream^  and  soon  after,  dividing  itself  into  two,  it  took 
its  course  towarcte  Portici.  It  was  preceded  by  a  violent  ex- 
plosion, which  caused  a  partial  earthquake  in  the  neighbour- 
liood  of  the  mountain,  and  a  shower  of  red-hot  stones  and 
^ders  were  thrown  up  to  a  considerable  height.  The  lava 
ran  near  a  mile  in  an  hour's  time,  when  the  two  branches 
joined  in  a  hollow  on  the  side  of  the  mountain,  without  pro* 
^seeding  farther.  Sir  W.  approached  the  mouth  of  the  vol- 
cano, as  near  as  he  could  with  prudence :  the  l^va  had  the 
appearance  of  a  river  of  red-hot  and  liquid  metal,  such  as.is 
.seen  in  the  glass-houses,  on  which  were  large  floaf ijji^^gipder^ 
.half-lighted,  and  rolling  one  over  anotlier  with  great  pre* 
x^ipitation  down  the  side  of  the  mountain,  forming  a  most 
beautiful  and  uncommon  cascade ;  the  colour  of  the  fire  was 
much  paler  and  more  bright  the  first  night  than  the  subsequent 
oigbts^  when  it  became  of  |i  deep  red^  prob^blv  owing  to  i^ 
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having  been  more  impregnated  "with  sulpbur  at  &rst  thmi 
afterw£U'ds.  The  99th,  the  mountain  was  very  quiet,  and  the 
lava  did  not  continue.  The  SOth,  it  began  to  flow  again  in 
the  same  direction,  while  the  mouth  of  the  volcano  tt^evr  v^ 
every  minute  a  ginmdole  of  red4iot  stones,  to  an  immense 
height.  The  31st,  he  passed  the  night  on  the  mountain :  the 
lava  was  not  so  <^nsi<brable  as  the  first  BBght,  but  tl^  red^ 
hot  stones  were  perfecdy  transparent,  some  of  whidi,  <if  a 
ton  weighty  mounted  at  least  ^0  feet  perpendicular,  and  £dl 
in,  or  near,  the  mouth  of  a  little  mountain,  that  waa  now 
formed  by  the  quantity  of  ashes  and  stones,  within  the  gueat 
mouth  of  the  volcano,  €uid  which  made  the  approach  mach 
safer  than  it  had  been  for  some  days  before,  when  the  mouth 
was  near  half  a  mile  m  drcun^rence,  9saA  the  stones  took 
every  direction. 

It  is  impossible  to  describe  the  beautiftil  ypearance  of 
dxese  girandoles  of  red-hot  stones,  far  surpassmg  the  most 
astonishing  artificial  fire-work.  On  the  10th  of  A|mi,  at  night, 
the  lava  disappeared  on  the  side  of  the  mountain  towarda 
Naples,  and  broke  out  with  much  more  violence  on  the  aide 
next  the  Torre  dell'  Annunciata.  It  burst  out  of  the  side  of 
the  mountain,  within  about  half  a  mile  of  the  mouth  of  th^ 
volcano,  like  a  torrent,  attended  with  violent  explosions,  which 
threw  up  inflamed  matter  to  a  considerable  height,  ^e  ad- 
jacent ground  quivering  like  the  timbers  of  a  water-milL  Not- 
withstanding the  consistency  of  the  lava,  it  ran  with  amazbg 
velocity ;  the  first  mile  witn  a  rapidity  equal  to  that  of  the 
river  Severn,  at  the  passage  near  Bristol.  Hie  stream  at  its 
source  was  about  10  feet  wide,  but  soon  extended  iti^  and 
divided  into  three  branches,  so  that  these  rivens  of  Are  £om» 
municating  their  heat  to  the  <nnders  of  former  lavas,  betfraen 
one  branch  and  the  other,  had  the  appearance  at  night  of  a 
continued  sheet  of  fire  four  miles  in  length,  and  in  some  porta 
near  two  in  breadth.  The  glorious  appeaiance  of  this  aii*> 
common  scene  is  such  as  passes  all  description. 

The  lava,  after  having  run  pure  for  about  100  yards,  began 
to  collect  cinders,  stones,  &c.  and  a  scum  was  thus  Conned  ea 
Its  surface,  which  in  the  day-time  had  the  appearance  of  the 
river  Thames,  after  a  hard  ft-ost  and  great  &U*  of  snow,  whan 
begiaaiag  to  thaw>  carrying  down  v»st  masses  of  snow  and 
ice.  In  two  places  the  tiquid  lava  totally  disa^^peared,  and  nsa 
in  a  subterraneous  passage  for  some  paces,  then  came  oat 
again  pure,  having  left  the  scum  behind.  In  this  manner  it 
advanced  to  the  cultivated  parts  of  the  mountain,  destroyiog 
tile  cottages  in  its  way.    The  lava,  at  the  l&flrthest  exJfO' 
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mity  from  Us  souroe^  di4  not  ai^pear  liquid^  but  likf  ^  )ie^i$^ 
ired-hot  coals  fomung;  a  wall,  in  some  puures  10  or  12  j^e^ 
idghf  whicli  rollinf^  nom  the  top  soon  formed  another  w^ 
fjnd  so  on,  a4yancmg  dowly^  not  more  than  at>out  SO  ftief  i;^ 
81)  houTp 

The  mouth  of  the  volcano  has  x^ot  throwQ  up  any  larg^ 
atones  since  the  second  eruption  of  l^va,on  the  lOthof  Apr^j^ 
tfut  has  thrown  up  quantities  of  small  ashes  and  pun^ice  stom^u 
Ijbat  hftYje  ^ea%  oamaged  the  neighbouring  vineyards,  m 
ills  last  visit  to  Hount  Vesuvius  the  3d  of  June,  he  still  foun^ 
that  ^e  lavii  continued,  but  the  rivers  were  become  riyul^jl^i 
and  had  lost  much  of  their  rapidity. 

Mount  Etna  in  Sicily  broke  out  on  the  27th  of  April,  ap4 
made  a  lava  in  two  branches,  at  leas|^  six  miles  in  len^h,  an4 
a  mile  in  breadth,  and  that  of  Vesuvius  resembled  it  in  every 
respect,  except  that  JVipunt  Etn^  at  the  place  whence  ith^ 
lava  flowed  (which  was  12  mile^  irom  the  mouth  of  the  vol^ 
cano),  threw  up  a  fountain  of  Uqffid  inflamed  ^natter  to  a  con- 
siderable height ;  whiph,  he  was  toldp]\{oun.t  Vesuvius  hai?  donj^ 
in  former  erjiptJous. 

farmaiian  of  Islands^  By  Alex.  Dalrymple^  JSsq. — [1767.] 

TmB»  is  Apt  a  part  of  natural  history  more  curious,  c^r 
perhaps  to  a  ni^vi^ator  more  useful,  than  an  enquiry  into  tbjg 
jfono^tion  x>f  inlands.  The  origin  of  islands  in  general  is  not 
the  point  ^o  he  discussed;  but  o^  low,  flat  islands  in  the 
^ide  .ocean :  fsuch  as  are  most  of  diose  hitherto  discovered 
1^  the  vast  Si^uth  Sea.  These  isl^ds  are  generally  long  and 
narrow^  ithey  are  formed  by  a  narrow  bar  of  land,  inclosing 
the  sea  wjithin  it;  generally,  perhaps  alw^y^  with  sonw 
/channel  of  inn:ess  at  least  to  the  tide,  commonly  with  an 
ffj^&^jx^  capable  of  receiving  a  c^noey^and  frequently  jsufficiej^t 
^  admit  even  lar^r  vessels. 

The  origin  of  these  id^ds  will  explain  thieir  nature.  What 
j^  Mr.D.  first  to  this  deduction,  was  an  observation  of 
Abdul  Roobin,  a  Sooloo  pilot,  that  all  the  islands,  lyine  off 
jthe  N.E.  coa;»t  of  Borneo,  had  ishoals  to  the  eastward  of 
them.  Thep^  islands  being  covered  to  the  westward  h^ 
Borneo,  the  winds  from  that  quarts  4o  not  attack  them  witp 
violence. 

The  N.E.  winds;  tumbling  in  thjs  billows  from  a  wide 
ocean,  heap  up  the  coral  with  which  those  seas  are  ^edL 
This,  obvious  after  storms,  is  p^haps  at  all  other  times  im- 
perceptibly  effected.     Coral   banks  b^ome  dty.     Tl:\e8e 
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banks  are  found  of  all  depths,  at  all  distances  from  shor^ 
entirely  unconnected  with  the  land,  and  detached  from  each 
other :  though  it  oflen  happens  that  they  are  divided  by  a 
narrow  gut,  without  bottom.  Coral  banks  also  grow,  by  a 
quick  progression,  towards  the  surface ;  but  the  winds,  heap-< 
ing  up  the  coral  from  deeper  water,  chiefly  accelerate  the 
formation  of  these  into  shoals  and  islands.  They  become 
gradually  shallower,  and  when  once  the  sea  meets  with  re-i 
sistance,  the  coral  is  quickly  thrown  up  by  the  force  of  the 
waves  breaking  against  the  bank ;  and  hence  it  is  that,  in  the 
open  sea,  there  is  scarcely  an  instance  of  a  coral  bank  having 
so  little  water  diat  a  large  ship  cannot  pass  over,  but  it  is 
also  so  shallow  that  a  boat  would  ground  on  it.  Mr.  D.  has 
seen  these  coral  banks  in  all  the  stages ;  some  in  deep  water^ 
others  with  a  few  rocks  appearing  above  the  surface,  some 
just  formed  into  islands,  without  the  least  appearance  of 
vegetation,  and  others,  froni  such  as  have  a  few  weeds  on  the 
highest  part  to  those  which  are  covered  with  large  timber, 
with  a  bottomless  sea  at  a  pistol-shot  distance. 

The  loose  coral,  rolled  inward  by  the  bOlows  in  large  ' 
pieces,  will  ground,  and  the  reflux  being  unable  to  carry  them 
away,  they  become  a  bar  to  coagulate  the  sand^  always  found 
intermixed  with  coral ;  which  sand,  being  easiest.raised,  will 
be  lodged  at  top.  When  the  sand  bank  is  raised  by  violent 
storms,  beyond  the  reach  of  common  waves,  it  becomes  a 
resting  plac^  to  vagrant  birds,  whom  the  search  of  prey  draws 
thither.  The  dung,  feathers,  &c.  increase  the  soil,  and  pre^ 
pare  it  for  the  reception  of  accidental  roots,  branches,  and 
seed,  cast  up  by  the  waves,  or  brought  thicher  by  birds* 
Thus  islands  are  formed:  the  leaves  and  rotten  branches,  ' 
intermixing  with  „the  sand,  form  in  time  a  light  black  mould, 
bf  which  in  general  these  islands  consist,  more  sandy  as  less 
woody ;  and  when  full  of  large  trees,  with  a  greater  proportion 
of  mould.  Cocoa  nuts,  continuing  long  in  the  sea  without 
losing  their  vegetative  powers,  are  commonly  to  be  found  in 
such  islands ;  particularly  as  they  are  adapted  to  all  soils, 
whether  sandy,  rich,  or  rocky. 

The  violence  of  the  waves,  within  the  tropics,  must  ge- 
nerally be  directed  to  two  points,  according  to  the  monsoons* 
Hence  the  islands  formed  from  coral  banks  must  be  long 
and  narrow,  and  lie  nearly  jn  a  meridional  direction.  For 
even  supposing  the  banks  to  be  round,  as  they  seldom  are 
when  large,  the  sea,  meeting  most  resistance  in  the  middle, 
must  heave  up  the  matter  in  greater  quantities  there  tlian 
towards  the  extremities ;  and,  by  the  same  rule^  the.  ends 
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win  generally  be  open,  or  at  least  lowest.  Tbey  will  also 
Oommonly  have  soundings  there,  as  the  remains  of  the  bank% 
not  accumulated,  will  be  under  water.  Where  the  coral 
banks  are  not  exposed  to  the  common  monsoon,  they  will 
alter  their  direction ;  and  be  either  round,  or  extend  in  the 
parallel,  or  be  of  irregular  forms,  according  to  accidental 
circumstances. 

The  interior  parts  of  these  islands,  being  sea,  sometimes 
form  harbours  capable  of  receiving  vessels  of  some  burden^ 
and  he  believes  always  abound  greatly  with  fish ;  and  such 
as  he  has  seen,  with  turtle-grass  and  other  sea-plants,  parti- 
cularly one  species,  called  by  the  Sooloos  gammye,  which 
grows  in  little  globules,  and  is  somewhat  pungent  as  well  as 
&cid  to  the  taste.  It  need  not  be  repeated,  that  the  ends  of 
those  islands  only  are  the  places  to  expect  soundings ;  and 
they  commonly  have  a  shallow  spit  running  out  from  eacli 
point.  Abdul  Roobin*s  observation  points  out  another  cir^ 
cumstance,  which  may  be  useful  to  navigators ;  by  consi*^ 
deration  of  the  winds  to  which  any  islands  are  most  exposed^ 
to  form  a  probable  conjecture  which  side  lias  deepest  water ; 
dnd  fro|n  a  view  which  side  has  the  shoals,  an  idea  may  be 
fbimed  which  winds  rage  with  most  violence. 

On  the  Eruption  of  Mount  Vesuvius,  in  1767.  Bj/  the  Hon* 
William  Hamilton.    Dated  Naples,  Dee.  29.  1767. 

The  late  violent  eruption  began  October  19. 1767,  and  isr 
reckoned  to  be  the  27tli  since  that  which,  in  the  time  of 
Titus,  destroyed  Herculaneum  and  Pompeii.  The  eniptioil 
of  1766  continued  in  some  degree  till  the  10th  of  December^ 
about  nine  months  in  all,  yet  in  that  space  of  time  thd 
mountain  did  not  cast  up  a  third  part  so  much  as  the  quantity 
of  lava  which  it  disgorged  in  only  seven  days,  the  term  of 
this  last  eruption. 

The  lava  continued  to  run  over  the  ancient  crater  in  small 
istreams,  sometimes  on  one  side,  and  sometimes  on  ahotheri 
till  the  18th  of  October,  when  there  was  not  the  least  lava  to 
be  seen,  owing,  probably,  to  its  being  employed  in  forcing  its 
way  towards  the  place  where  it  burst  out  the  following  day; 
Sir  W.  was  surprised  on  iSt\6  19th  following,  at  seven  ill 
the  morning,  to  perceive  ev^ry  symptom  of  the  eruption 
being  just  at  hand.  From  the  top  of  die  little  mountaiii 
Issued  a  thick  blade  smoke,  so  thick  that  it  seemed  to  have 
difficulty  in  forcing  its  way  out ;  cloud  after  doud  mounted 
with  a  hasty  spiral  motion,  and  every  minute  a  volley  of 
great  stones  were  shot  up  to  an  immense  height  in  the  midst 
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of  diese  douds ;  1^  degrees,  the  smoke  took  the  exact  shup^ 
of  a  huge  pine-tree,  such  a^  Plioy  the  younger  described  i^ 
bis  letter  to  Tacitus,  where  he  gives  an  account  of  the  fat^) 
eruption  ip  which  his  uncle  periSied.  This  column  of  blacl^ 
smoke,  after  haymg  mounted  an  e^traordiQ^xy  height,  b«it 
wMi  the  wind  towards  Caprea*  and  actu^ly  reached  over 
that  island,  which  is  not  less  than  28  miles  from  Vesuvius. 

Before  eighi  in  th^  morning,  the  moimtain  had  opened  a 
mouth,  witiiout  noise,  about  100  yards  lower  th^  the  ^cient 
crater,  on  the  side  towards  tlie  Monte  di  Sonuna :  a^  soon  aa 
it  had  vent,  the  smoke  no  longer  came  out  with  that  violence 
from  the  top.  On  a  sudden,  about  noon,  Sir  W.  heard  a 
violent  noise  within  the  mountain^  which  split;  an^^  with 
much  noise,  from  this  new  mouth  a  fountQin  of  liquid  ^re 
shfl^  up  many  feet  high,  and  then  like  a  torrent  rolled  on 
dicectly  towards  him.  The  earth  shook,  at  ^e  same  time 
thsA  a  volley  of  pumice  stones  fell  thick  upon  him ;  in  aa 
instant,  douas  of  black  smoke  and  ashes  caused  almost  a  total 
darkness ;  the  explosions  from  the  top  of  the  mountain  were 
much  louder  than  any  thunder  he  ever  heard,  and  the  smell 
of  fhe  sulphur  wjis  very  offensive.  About  two  in  the  after- 
noQid  another  stream  of  lava  forced  its  way  out  of  the  same 
place  as  the  lava  came  last  year,  so  that  the  conflagration  was 
soon  as  great  on  one  side  of  the  mountain  as  on  the  other. 

The  noise  and  smell  of  sulphur  increasing.  Sir  W.  removed 
from  his  villa  to  Naples ;  and  he  thought  proper,  as  he  {tossed 
by  Portici,  to  inform  the  court  of  what  he  had  seen ;  and 
huhdriy  offered  it  as  his  opinion^  that  his  Sicilian  M^esty 
should  leave  the  neighbourhood  of  the  threatening  mountain. 
Kowerer,  the  court  did  not  leave  Portici  tiU  about  12  o'clock. 
Sir  W.  observed,  in  his  way  to  Naples,  which  was  in  less  than 
two  hours  after  be  bad  led  the  mountam,  that  the  lava  had 
actually  covered  three  miles  of  the  very  road  through  which 
he  had  isetreated.  It  is  astomshing  that  it  should  j^ve  fUn 
so  fast ;  as  he  afterwards  saw  that  the  river  of  laya,  in  the 
Arrio  di  Cavallo,  was  60  and  70  feet  deep,  and  in  some  places 
near  two  miles  hroad.  When  his  Sicilian  Majesty /(quitted 
Portidy  the  noise  was  grieatly  uyGr^E^d,  and  the  confusion  of 
the  air  jErom  the  explosions  w^  Jo  violent,  that,  in  the  King's 
palace,  doors  and  windows  var^  forced  open,  and  even  ona 
door  there,  which  was  locked^  was  burst  open.  At  Naples, 
Che  same  night,  many  windows  and  doors  flew  open.  Besides 
the  explosions,  which  were  very  frequent,  there  was  a  con- 
tinued subterraneous  and  violent  rumbling  noise,  which  lasted 
this  night  about  Ave  homss.    Sir  W.  imagmed  that  this  extra* 
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Drflaiary  oobe  might  te  owiag  to  ^^  Umi  in  the  b^Tv:fil^  of 
4iie  mountain  having  njet  with  a  deposition  i^rain-wat^r,  1^ 
diat  the  conflict  between  the  fire  and  the  water  may>  in  some 
measure,  account  for  so  extraordinary  a  cracUipg  mi  hisMog 
noise*  In  the  great  eruption  of  Mount  Vesuvius  in  I66S9  it 
is  well  attested,  that  several  towns,  mnong  which  Porlicji  md 
Torre  del  Greco,  were  destroyed  by  a  torrent  of  boiling  water 
having  burst  out  of  the  mountain  with  die  kva,  by  which 
thousands  of  lives  were  lost.  About  four  years  ago,  Mount 
£tna,  in  Sicily,  tbreiv  np  hot  water  al$o,  durii^  ftn  ^uption. 

Tuesday  the  ^Otb,  it  was  impossible  to  judge  of  the 
situation  of  Vesuvius^  <»x  APcount  of  the  smoke  and  ashes 
'wlneli  covered  it  ent^ely,  and  spread  over  Naples  also,  the 
«un  appearing  as  through  a  thick  London  fog,  or  a  smoked 
g^ass;  small  ashes  Ml  all  this  day  at  Naples.  The  lavaa  on 
lK>th  aides  of  the  mouotam  ran  violently ;  but  there  was  UtUe 
vr  no  noise  till  ab^u^  nine  o'clock  at  night,  when  the  ^$m}e 
uncommon  rumbling  began  again,  accompanied  with  ^» 
plosions  as  before,  which  lasted  about  four  hours ;  it  see^ied 
M  if  IbemounUub  would  split  in  pieces ;  and  indeed  it  opened 
idus  night  by  a  large  orifice.  Wednesday  the  21st  wa?  moi« 
-quiet  than  the  preceding  days,  though  me  lavas  ran  briskly. 
Portici  was  once  in  some  danger,  had  not  the  lava  taken  a 
4i£ferent  course,  when  it  was  only  a  mile  and  a  half  from  it : 
towards  night  the  lava  slack^aed. 

Thursday  22d,  about  ten  in  the  morning,  the  same  ith|»nder- 
asog  noise  began  agam,  but  with  more  violence  than  the 
preceding  days.  The  aahes,  or  rather  small  cinders,  showeoed 
tiown  so  &st,  that  the  people  in  the  streets  were  obliged  to 
use  mnfaanellas,  or  flap  their  hats,  these  ashes  being  very 
nffisnsime  to  the  eyes.  The  tops  of  the  houses^  a^d  the 
jjaleonies,  were  covered  above  an  inch  thick  with  th$93$ 
jindeiB.  Ships  at  aea,  20  leagues  from  Naples,  were  ^kto 
eoTsred  with  theiD,  to  the  great  a^onishm^t  of  ^e  sM|aiiB* 

Friday  2Sd9  the  lavas  still  ran,  wid  the  jaaoimtfiin  continued 
to  throw  up  quantities  of  stones  from  its  cral;er  c  tiitere  wasi»o 
noise  heard  at  Naples  this  day,  and  but  little  a^es  fell  theiie^ 

Saturday  24th,  the  lava  ceased  running :  the  extent  of  ihe 
lava,  fixnn  the  spot  where  it  broke  out  to  its  extremity  :whev9 
it  surrounded  the  chapel  l^  Samt  Vito,  is  above  six  miles^ 
in  die  Atrio  di  Cavallo,  and  in  a  deep  valley,  diat  lies  betwi^^ 
Vesuvius  and  the  hermitage,  the  lava  is  in  some  places  netMr 
two  miles  brokd,  and  in  most  places  from  60  to  70  feet  deiep. 
The  lava  ran  down  a  hollow  way,  called  Fossa  Grande,  maae 
by  the  currents  of  rain-water ;  it  is  not  less  than  200  fieet 
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deep,  tod  100  broad;  yet  the  lava  in  one  place  has  filled  it 
qp*  On  this  day  Vesuvius  continued  to  throw  up  stones  as 
on  the  preceding  days ;  during  the  whole  of  this  eruption  it 
had  differed  in  this  circumstance  from  the  eruption  of  1776^ 
when  no  stones  were  thrown  out  of  the  crater  from  the 
moment  the  lava  ran  freely. 

Observations  an  the  Bones  found  near  the  River  Ohio^  iH 
America.    By  William  HuNTEBy  M.  2>.  F,  R*  S* 

Naturalists,  even  those  of  our  own  times,  have  entertained 
very  different  opinions  concerning  fossil  ivory,  and  the  large 
teeth  and  bones,  which  have  been  dug  up  in  great  numbers  m 
various  parts  of  the  world.  At  first,  some  thought  them 
animal  substances,  and  others  mineral.  When  only  a  certain 
number  of  observations  had  been  collected,  these  substances 
were  determined  to  be  mineral ;  but,  the  subject  having  been 
more  carefully  examined,  they  were  found  certainly  to  be 
parts  of  animals. 

We  had  information  from  Muscovy,  that  the  inhabitants  of 
Siberia  believed  them  to  be  the  bones  of  the  mammoth,  ah 
animal  of  which  they  told  and  believed  strange  stories*  But 
modern  philosophers  have  held  the  mammoUi  to  be  as  bibu- 
lous as  the  centaur.  Of  late  years  the  same  sort  of  tusks  and 
teeth,  with  some  other  large  bones,  have  been  found  in  con- 
siderable numbers,  near  the  banks  of  the  Ohio,  in  North 
America. 

From  the  first  time  that  Br^  H.  learned  this  part  of  natural 
knowledge,  it  appeared  to  him  to  be  very  curious  and  inter- 
esting ;  inasmuch  as  it  seemed  to  concur  with  many  other 
phenomena,  in  proving  that  in  former  times  some  astonishing 
change  must  have  happened  to  this  terraqueous  globe ;  that 
the  highest  mountains,  in  most  countries  now  Imown,  must 
have  lain  for  many  ages  in  the  bottom  of  the  sea ;  and  that 
this  earth  must  have  been  so  changed  with  respect  to  climates^ 
that  countries  which  are  now  intensely  cold  must  have  been 
folrorerly  inhabited  by  animals  which  are  now  confined  to  the 
warm  climates. 

Some  time  in  the  last  spring,  having  been  informed  that  a 
Conslde^ble  quantity  of  elephants'  teeth  had  been  brought  td 
the  ^owidlty  from  America,  Dr.  H.  went  to  the  Tower,  and 
examined  the  whole  collection  which  had  been  sent  over 
from  the  Ohio :  he  saw  that  the  grinders  were  alFof  the  same 
kind.  He  examined  two  elephants'  jaws  in  his  brother*s  coU 
lection :  he  examined  the  tusks  and  grinders  of  the  Queen'a 
two  elephants ;  and  he  examinedNa  great  number  of  African 
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elephants'  teeth  at  a  warehouse.  From  all  these  observatioiiSi 
Dr.  H.  was  convmqed  that  the  grinder-tooth,  brought  from 
the  Ohio,  was  not  that  of  an  eleph^t^butof  some  carnivorous 
animal,  larger  than  an  ordinary  elephant ;  and  he  could  not 
doubt  that  the  tusk  belonged  to  the  same  animal.  The  only 
difference  that  he  could  observe  between  it  and  a  real  ele- 
phant's tusk  was,  that  it  was  more  twisted,  or  had  more  of  the 
spiral  curve>  than  any  of  the  elephants'  teeth  which  he  had 
seen. 

Dr.  H.  afterwards  examined,  also,  several  more  of  the  tusks 
and  grinders  that  had  been  sent  from  the  Ohio  to  Dr.  Franklin 
and  to  Lord  Shelbume ;  and,  on  the  whole,  he  was  now  fully 
convinced,  that  the  supposed  American  elephant  was  an 
animal  of  another  species,  a  pseudo-elephan^  or  animal  incog- 
nitum,  which  naturalists  were  unacquainted  with.  '  He 
imagined,  further,  that  this  animal  incognitum  would  prove 
to  be  the  supposed  elephant  of  Siberia,  and  other  parts  of 
£uro^ ;  and  uiat  the  real  elephant  would  be  found  to  have 
been  in  all  ages  a  native  of  Asia  and  Africa  only. 

QT  several  Phenomena  observed  during  Ihe  Ingress  of  Venm 
^  into  the  Solar  Dish,  in  1769.  By  the  JRev.  W.  Hirst,  F.R.  S. 

The  telescope  Mr.  H.  used  was  a  reflector  two  feet  in 
length)  and  magnified  55  times.  Expecting  the  planet  to 
enter  the  solar  diidc  at  or  near  the  zenith,  he  kept  his  eye  con- 
stantly fixed  at  that  part  of  the  sim  a  considerable  time 
before  the  beginning  of  the  transit.  The  first  intimation 
which  he  had  of  tlie  near  approach  of  the  planet,  was  by  the 
sudden  appearance  of  a  violent  coruscation,  ebullition,  or 
agitation  of  the  upper  edge  of  the  sun.  Mr.  H.  had  not 
made  this  observation  above  five  or  six  seconds,  when  he 
plainly  saw  a  black  notch  breaking  in  upon  the  sun's  limb, 
and  which  seemed  a  portion  of  a  much  Jess  sphere  than  that 
of  Venus. 

The  same  phenomenon  of  a  protuberance, 
which  Mr.  H.  observed  at  Madras,  in  1761,  at^ 
both  internal  contacts,  he  observed  again  at  this 
last  transit :  at  both  times,  the  protuberance  of 
die  upper  edge  of  Venus  diminished  nearly  to  a 
point  before  uie  thread  of  li^ht  between  the  con- 
cave edge  of  the  sun  and  uie  convex  edge  was 
perfected,  when  the  protuberance  instantaneously  broke  off 
ftom  the  upper  edge  of  the  sun,  but  Venus  did  not  assume  its 
circular  form  till  it  had  descended  into  the  solar  disk,  at  least 
to  the  distance,  by  estimation,  from  the  upper  edge  of  the  sun; 


^^  Hamilton's  jqurnby  to  mount  etna. 

l^  t^e  transit  of  this  |»*esent  year,  he  did  not  taVe  notice  of 
f}^  sam^  ph^omenon  as  he  did  of  the  transit  of  Veniis,  m 
Infyk,  ip  the  year  1761 ;  but  he  here  again  insists  on  i^  tha^ 
such  penumbra  or  dusky  shade  he  then  actually  saw ;  but  he 
4id  not  recollect  that  he  tljien  saw  the  least  undulation,  ebul*? 
litipn,  or  coruscation,  as  lu^pened  in  the  transit  pf  fhi^ 
pr^sept  year.  Yet  both  phenomena  were  conducive  to  the 
fame  purpose,  and  served  to  giyp  hifi^  ;u>tic^  of  the. near  apt 
proach  of  the  planet  Venus,  to  the  solar  disk,  the  event,  u^ 
l^oth  instances,  justifying  the  pnesage  ;  and  both  app^^M^ces 
niight  be  the  consequences  of  the  sam^  cause ;  wbiql^  caifs^ 
m^ht  bP  nothing  less  thaq  (he  atmosphere  of  y^i|Li;s* 


A  Journey  to  Mount  Etncu    By  the  Pan.  ff^^uAU 
Hamiiton. -^IVIO.} 

AvT^K  having  examined,  with  much  attention,  t}^  Ofej^-^ 
atioBS  of  Mount  Vesuvi^s,  d^ring  five  years^  aj)d  after  I^^yipa 
carefully  remarked  the  nature  of  the  soil  for  15  mUe^  r<W)A 
Naples,  Sir  W.  was  well  convinced  that  the  whole  of  it  has 
bi^9  foRTv^  by  volc^^ic  eruptions, 

Qn  lih^  ^^th  of  June,  1760,  S^  W,  and  two  eo«ipe^ii^«  l^ft 
Pat^ia,  ^  tpwn  situated  at  the  foot  (^  Mount  ]gtn§}  ^dp^/i^ed 
through  the  inferior  district  of  the  mountain,  c^^  by  i^ 
iphabxtants  La  IJ^gione  piemon^ese.  It  is  w^U  w^t^^ed,  ^^ 
peedinglv  fertile,  ^d  abounding  with  vines,  and  oUier  fruit- 
tf  ees,  whiere  the  Jav^  or,  as  it  is  cjjled  there,  th^  Sciar^,  h^ 
bad  tim^  to  soften  and  gather  soil  su%ien(  for  yegot^tipiH 
w}iich  be  w^s  conyinped  from  m^y  ojbservatioixs,  unless 
Q^ted  by  art,  does  not  come  to  p^s  wr  ina^y  ^es,  perhaps 
^  tl^QUsand  years  or  piore* 

VVfter  ^bout  four  hours  of  gradual  ^c^nf  they  arrived  at  9 
Utd^  convent  of  Benedictine  monks,  called  St.  Nicolo  dell* 
Arena,  about  13  miles  from  Catania,  and  within  a  mile  of  tha 
volcano,  whence  issued  the  last  very  great  eruption,  in  the 
year  1669.  The  lava  that  ran  from  it^  and  on  which  theie 
ere  as  yet  no  si^s  of  vegetation,  is  I4i  miles  in  length,  and  }ij 
many  parts  six  m  breads.  There  has  been  no  ^udh  eruption 
smce,  though  there  are  signs  of  many,  more  terrible,  that  have, 
preceded  it. 

If  the  dates  of  these  explosions  could  be  ascertained,  it 
would  be  very  curious,  and  mark  the  progress  of  tim^  with 
respect  to  the  return  of  vegetation,  as  the  mountains  raised 
by  them  are  in  different  states ;  those  which  seem  to  be  the 
most  niodern  are  covered  with  ashes  only ;  others,  of  an  older 
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idate,  with  small  plaiit9  and  herbs  $  and  the  most  andeat^  with 
the  largest  timber-trees  he  ever  saw ;  but  he  believes  the 
latter  are  so  very  anqient,  as  to  be  far  out  of  th^  reach  of 
history.  On  every  side  are  mountains,  or  fra^enta  of  qiquii<» 
tarns,  that  have  been  thrown  up  by  various  ancient  ei^plofiiona 
fiome  are  near  as  high  as  Mount  Vesuvius,  one,  in  particular,  iff 
little  less  than  one  mile  in  perpendicular  height,  and  ^ve  ii^ 
circumference  at  its  basis.  They  are  all  more  or  less  qov^xed^ 
even  within  their  craters,  a9  weU  as  the  rich  valleys  betweeii 
them,  with  the  largest  oak,  chesnut,  and  fir  tr^s,  be  ^ver  saw 
any  where ;  and,  indeed*,  it  is  hence,  chiefly,  that  his  Siciliaii 
Majesty's  dock-yarda  are  supplied  with  timber.  As  this  part 
of  Etna  was  famous  for  its  Umber  in  tbQ  time  of  the  tyranta 
qf  Syracuse,  and  aa  it  requires  the  great  length  of  tin(ie  already 
mentioned,  before  the  matter  is  fit  for  yegetation,  we  may 
ponceive  the  great  i^e  of  this,  volcano. 

At  one  o'clock  in  the  morning  of  the  S6th,  they  pursued 
their  journey  towards  the  ^eat  crater.  They  pasfsed  over 
valleys  of  snow  that  never  meU9i  except  there  is  an  eruption 
of  lava  from  the  upper  crater,  which  scarcely  ever  happens ; 
the  great  eruptions  are  usually  from  the  middle  region,  the 
inflamed  matter  finding,  probablyy  its  pa^sagQ  through  som^ 
wieakpart,  long  before  it  can  rise  to  the  excessive  height  of  the 
^pper  region,  the  great  mouth  on  the  summit  only  serving  as 
a  common  chimney  to  the  volcano.  This  mountam  is  situated 
in  a  gently  inclining  plain,  of  about  nine  miles  in  circumfer^ 
ence ;  it  ia  about  a  quarter  of  a  mile  perpendicular  in  height, 
and  very  steep.  *—  The  st^p  aaeent,  the  keenness  of  the  air^ 
the  vapours  o£  the  sulphur,  and  t^e  violence  of  the  windy 
which  obliged  them  several  times  to  throw  themselves  flat  on 
their  faces  to  avoid  being  overturned  by  it,  made  this  latter 
part  of  the  expedition  rather  inconvenient  and  disagreeable* 

Soon  after  they  had  seated  themselves  on  the  highest  point 
of  Etna,  the  sun  arose,  and  displayed  a  scene  that  indeed  passea 
all  description.  Th^  took  in  at  one  view  a  circle  of  about 
900  English  miles,  lliey  counted  from  hence  44  little  moun- 
tains, (little  in  comparison  of  their  mother  Etna,  though  they 
would  appear  great  any  where  else,)  in  the  middle  region  on 
the  Catania  side,  and  many  others  on  the  other  side  of  the 
mountain,  all  of  a  conical  form,  and  each  having  its  crater ; 
many  witii  timber-trees  flourishing  both  within  and  without 
their  craters.  The  points  of  those  mountains,  that  he 
imagined  to  be  the  most  ancient,  are  blunted*  and  the  craters 
ei  course  more  extensive  and  less  deep  than  those  of  the 
mountains  formed  by  explosions  of  a  later  date,  and.  which 
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preserve  their  p3nramidal  form  entire.  Some  have  been  so  far 
mouldered  down  by  time  as  to  have  no  other  appearance  of  a 
crater  than  a  sort  of  dimple  or  hollow  on  their  rounded  tops. 
Others  with  only  a  half  or  a  third  part  of  their  cone  standing  ; 
the  parts  that  are  wanting  having  mouldered  down,  or  perhaps 
been  detached  from  them  by  earthquakes,  which  are  here 
very  frequent.  All,  however,  have  been  evidently  raised  by 
explosion;  and  he  believes,  on  examination,  many  of  the 
whimsical  shapes  of  mountains  in  other  parts  of  the  world 
would  prove  to  have  been  occasioned  by  the  same  natmtil 
0|>erations. 

They  looked  into  the  great  crater,  which  is  about  two  miles 
and  a  half  in  circumference :  they  did  not  think  it  safe  to  go 
round  and  measure  it,  as  some  parts  seemed  to  be  very  tender 
ground.  The  inside  of  the  crater,  which  is  incrusted  with 
salts  and  sulphurs  like  that  of  Vesuvius,  is  in  the  form  of  an 
inverted  hollow  cone,  and  its  depth  nearly  answers  to  the 
height  of  the  little  mountain  that  crowns  the  great  volcano. 
The  smoke,  issuing  abundantly  from  the  sides  and  bottom, 
prevented  their  seeing  quite  down;  but  the  wind  clearing 
kwvLj  the  smoke  from  time  to  time,  they  saw  this  inverted 
cone  contracted  almost  to  a  point. 

As  the  lavas  of  Etna  are  very  commonly  15  and  20  miletf 
m  length,  six  or  seven  in  breadth,  and  50  feet  or  more  in 
depth,  we  may  judge  of  the  prodigious  quantities  of  matter 
emitted  in  a  great  eruption  of  this  mountain,  and  of  the  vast 
cavities  there  must  necessarily  be  within  its  bowels. 
^  He  found,  with  respect  to  the  matter  erupted,  nothing  on 
Mount  Etna  that  Vesuvius  does  not  produce ;  and  there  cer- 
tainly  is  a  much  greater  variety  in  the  erupted  matter  and 
lavas  of  the  latter  than  of  the  former:  both  abound  witti 
pyrites  and  crystallisations,  or  rather  vitrifications.  The  sea» 
shore  at  the  foot  of  Etna,  indeed,  abounds  with  amber,  of  which 
there  is  none  found  at  the  foot  of  Vesuvius. 


Aocauni  of  a  very  remarkable  young  Musician.    By  the  Hon. 
Daines  Barrinqton^  F.R. S.  —  [1770.] 
J.  C.  W.  T.  Mozart,  was  bom  at  Saltzbourg,  in  Bavaria,  on 
the  17th  of  Jan.  1756.    Mr.  B.  was  informed,  by  a  most  able 
musician  and  composer,  that  he  frequently  saw  him  at  Vienna, 
when  he  was  little  more  than  four  years  old.     By  this  time 
he  not  only  was  capable  of  executing  lessons  on  his  favourite 
instrument,  the  harpsichord,  but  composed  some  in  an  easy 
ityle  and  taste,  which  were  much  approved  o£>    His  extra- 
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6rdinary  musical  talents  soon  reached  the  ears  of  the  Empress- 
dowager,  who  used  to  place  him  on  her  knees  while  he  played 
^on  the  harpsichord. 

He  cami;  oyer  to  England  in  1764,  where  he. continued 
.more  than  a  year;  and  during  this  time  Mr.  B.  witnessed 
.his  extraordinary  abilities  as  a  musician,  both  at  some 
public  concerts,  and  by  having  been  alone  with  him  for  a  con- 
siderable time  at  his  father's  house.  He  carried  to  him  a 
linonuscript  duet,  which  was  composed  by  an  English  gentle- 
man to  some  favourite  words  of  Metastasis  The  whole 
score  was  in  five  parts,  viz.  accompaniments  for  a  first  and 
second  violin,  the  two  vocal  parts,  and  a  base.  Mr.  B.'s 
intention,  in  carrying  with  him  this  manuscript-composition, 
Mvs^  to  have  an  irrefragable  proof  of  his  abilities,  as  a  player 
at  sight,  it  being  absolutely  impossible  that  he  could  have 
ever  seen  the  music  before.  The  score  was  no  sooner  put 
upon  his  desk  than  he  began  to  play  the  symphony  in  a  most 
masterly  manner,  as  well  as  in  the  time  and  style  which  cor* 
responded  with  the  intention  of  the  composer.  The  sym- 
phony ended,  he  took  the  upper  part,  leaving  the  under  oi^ 
to- his  father.  His  voice  in  the  tone  of  it  was  thin  and  infan- 
tine, but  nothing  could  exceed  the  masterly  manner  in  which 
lie  sung.  His  father,  who  took  the  under  part  in  this  duet, 
was  once^  or  twice  out,  though  the  passages  were  not  more 
di£Scult  than  those  in  the  upper  one ;  on  which  occasion  the 
son  looked  back  with  some  anger,  pointing  out  to  him  his 
mistakes,  and  setting  him  right.  He  not  only,  however,  did 
complete  justice  to  the  duet,  by  singing  his  own  part  in  tb^ 
truest  taste,  and  with  the  greatest  precision ;  he  also  threw 
in  the  accompaniments  of  the  two  violins,  wherever  they  were 
most  necesjsary,  and  produc^ed  ^e  best  efiects.  It  is  well 
known  that  none  but  the  most  capital  niusicians  are  capable 
of  accompanying  in  this  superior  style. 

Happening  to  know  that  little  Mozart  was  much  taken 
.no|;ice  of  by  Manzoli,  the  famous  singer,  who  came  over  to 
England  in  1764i,  Mr.  B.  said  to  the  boy,  tliat  he  should  be 
glad  to  hear  an  extempore  love-song,  such  as  his  friend 
,]VIan;soli  might  choose  in  aa  opera.  The  boy  on  this,  who 
continued  to  sit  at  his  harpsichord,  looked  back  with  much 
\firchneS9,  and  immediately  began  five  or  six  lines  of  a  jargon 
recitative  proper  to  introauce  a  love-song.  He  then  played 
a  symphony  which  might  correspond  with  an  air  composed. to 
,  thiB  dingle  word  Affetto.  It  had  a  first  and  second  part,  which, 
together  with  the  sympho|iies,  was  of  the  length  that  opera- 
9ong^  generally  are. 
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Tinding  that  he  was  in  humour,  and  as  it  were  inspirec^ 
Mf .  B.  then  desired  him  to  compose  a  song  of  rage,  such  as 
might  be  proper  for  the  opera-stage.  The  boy  again  looked 
back  with  much  archness,  and  began  five  or  six  lines  of  a 
jargon  recitative  proper  to  precede  a  song  of  anger.  This 
lasted  also  about  the  same  time  with  the  song  of  love ;  and  in 
the  middle  of  it,  he  had  worked  himself  up  to  such  a  pitch, 
that  he  beat  his  harpsichord  like  a  person  possessed,  rising 
Sometimes  in  his  chair.  The  word  he  pitched  on  for  this 
second  'extemporary  composition  was  Perfido* 

After  this  he  played  a  difficult  lesson,  which  he  had  finished 
a  day  or  two  before  :  his  execution  was  amazing,  considering 
that  his  little  ^gers  could  scarcely  reach  a  fifUi  on  the  harp- 
sichord. '  His  astonishing  readiness,  however,  did  not  arise 
merely  firom  great  practice ;  he  had  a  thorough  knowledge  of 
the  ftmdamental  principles  of  composition,  as,  on  producing  a 
treble,  he  immediately  wrote  a  base  under  it^  whicli,  when 
tried,  had  a  very  good  efiect. 

Mr.  B.  made  frequent  enquiries  with  regsurd  to  this  very 
extraordinary  genius  after  he  left  England,  and  was  told,  in 
1769,  that  he  was  then  at  Saltzbourg,  where  lie  had  composed 
several  oratorios,  which  were  much  admired.  He  was  also 
informed,  that  the  Prince  of  Saltzbourg,  not  crediting  that 
such  masterly  compositions  were  really  those  of  a  child,  shut 
him  up  for  a  week,  during  which  he  was  not  permitted  to  set 
any  one,  and  was  left  only  with  music-paper,  and  the  words 
of  an  oratorio.  During  this  short  time  he  composed  a  veiy 
capital]  oratorio,  which  was  most  highly  approved,  on  being 
performed. 

Having  stated  theise  |)roofs  tf  Mozart's  geteius,  when  of 
ahnost  an  mfantine  age,  it  may  not  be  improper,  perhaps,  to 
compare  them  with  what  has  been  well  attested,  with  regitfd 
to  other  instances  of  the  same  sort.  Among  these,  John 
Barratier  has  been  most  particularhr  distinguished,  who  is  said 
to  have  understood  Latin  when  he  was  but  four  years  old» 
Hebrew  when  six,  and  three  other  languages  at  the  age  of 
nine.  This  same  prodigy  of  philological  learning  also  trans- 
lated the  travels  of  Rabbi  Benjamin  when  11  years  old, 
accompanying  his  version  with  notes  and  dissertations.  B^Mre 
his  death,  which  happened  under  the  age  of  30,  Barratisr 
seems  to  have  astonished  Germany  with  his  amazing  extent  of 
learning. 

^  The  Rev.  Mr.  Manwaring,  in  his  Memoirs  of  Handel,  has 
given  us  a  still  more  apposite  instance,  and  in  the  same 
science.     This  great  musician  began  to  play  on  tie  clayidiord 
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when  he  was  but  seven  ^ears  of  age,  and  is  said  to  have  com- 
posed some  church-^services  when  he  was  only  nine  years  old, 
as  also  the  opera  of  Almeria,  when  he  did  not  exceed  14. 


Jattmal  o^  a  Voyage,  made  by  Order  of  the  Royal  Society^  fo 
Churchill  River,  on  the  North-west  Oocut  of  Hudson*  s  Bay$ 
of  Thirteen  Months^  Residence  in  that  Country  ;  and  of  the 
Voya^  bach  to  England;  in  1768  and  1769.  By  Wm. 
fT^xjw.  — [1770.]. 

This  sea-journal  is  how  very  uninteresting.  The  party 
isailed  from  the  river,  May  SI.  1768 ;  and  July  23.  arrived  at 
the  island  of  Resolution,  which  forms  the  north  shore  at  the 
entrance  of  Hudson's  Straits,  where  the  variation  of  the 
needle  was  found  39^  48'  west. 

On  the  8th  of  Ai:^.  they  arrived  at  the  factory  in  Churchill 
River,  their  desired  station.  The  soil  consists  entirely  of  high 
bare  rocks,  or  loose  gravel :  among  the  latter,  there  shoots 
up,  in  the  lower  places,  many  dwarf-willows,  and  birch;  in 
the  higher  ones  some  small  gooseberry-bushes ;  but  these  do 
not  grow  upright  as  in  England,  but  creep  along  the  gravel 
like  the  bramble-brier.  They  saw,  besides  these,  some  straw- 
berries, many  cranberries,  and  a  few  bilberries ;  but  none  of 
these  were  yet  ripe,  except  a  few  of  the  last.  They  also  saw 
some  few  plants  creeping  among  the  moss ;  but  none  that 
they  knew,  except  the  dandelion  and  small  yarrow. 

Mr.  W.  foimd  here  three  very  ti'oublesome  insects.  The 
first  is  the  ^  mosquito,  too  <^mmon  in  all  parts  of  America, 
and  too  well  known  to  need  describing  here.  The  second  is 
a  very  small  fly,  called  (he  supposes  on  accouht  of  its  small- 
ness)  the  sand-fly.  These,  in  a  hot  calm  day,  are  intolerably 
troublesome :  there  are  continually  millions  of  them  about. 
one*s  face  and  eyes,  so  that  it  is  impossible  either  to  speak, 
breathe,  or  look,  without  having  one^s  mouth,  nose,  or  eyes 
full  of  them.  One  comfortable  circumstance  is,  that  the  least 
breath  of  wind  disperses  them  in  an  instant.  The  third  in- 
sect is  much  like  the  large  flesh-flv  in  England ;  but  at  least 
three  times  as  large  :  these,  on  whatever  part  they  fix  their 
teeth,  are  sure  to  carry  a  piece  away  with  them>  an  instance 
of  which  he  had  frequently  seen  and  experienced. 

The  16th,  Mr.W.  went  with  Mr.  Fowler  about  10  miles 
up  th6  country,  which,  as  far  as  they  went,  was  nothing  but 
banks  of  loose  gravel,  bare  rocks,  or  marshes,  which  are 
overflowed  by  the  spring-tides,  and  do  not  get  dry  before 
they  return  and  overflow  them  again.    Their  errand  was,  to 

Digitized  by  VjOOQ  IC 


4S2  /VOYAGE  ABOUT   HUDSOM  SB  AY. 

see  if  they  could  not  find  some  sand  likely  to  produce  com  ; 
,and  in  all  that  extent  they  did  not  find  one  acre,  which  was 
likely  to  do  it.  In  some  of  the  marshes  the  grass  is  very 
long,  and  with  much  labour  they  cut  and  dry  as  much  hay  as 
keeps  three  horses,  two  cows,  a  bull,  and  two  or  three  goats, 
the  whole  winter.  He  saw  many  acres  of  land  covered  with 
fir-trees,  some  of  which  might  be  perhaps  about  20  feet  high: 
these  grow  chiefly  on  the  borders  of  the  marsh-lands,  or,  which 
is  the  same  thing,  round  the  skirts  of  the  rocky  parts. 

November  the  6th,  the  river,  which  is  very  rapid,  and 
-about  a  mile  over  at  its  mouth,  was  frozen  fast  over  fi*om 
side  to  side,  so  that  the  people  walked  across  it  to  their  tents : 
also  the  same  morning,  a  half-pint  glass  of  British  brandy 
was  fi*ozen  solid. in  the  observatory.  Not  a  bird  of  any 
kind  was  now  to  be  seen  at  the  factoiy,  except  now  and 
then  a  solitary  crow,  or  a  very  small  bird  about  the  size  of 
a^wren.  ^- 

"in  January,  1769,  the  cold  began  to  be  extremely  intense: 
even  in  their  little  cabin,  which  was  scarcely  three  yards 
square,  and  in  which  they  constantly  kept  a  very  large  fire^ 
it  had  such  an  effect,  that  the  little  alarm-clock  would  not  go 
without  an  additional  weight,  and  often  not  with  that.  The 
head  of  Mr.  W.'s  bed-place,  for  want  of  knowing  better, 
went  against  one  of  the  outside  walls  of  the  house ;  and 
though  they  were  of  stone,  near  three  feet  thick,  and  lined 
with  inch  boards,  supported  at  least  three  inches  fi*om  the 
walls,  the  bedding  was  frozen  to  the  boards  every  morning ; 
and  before  the  end  of  February,  these  boards  were  covered 
with  ice  almost  half  as  thick  as  themselves.  Towards  the 
latter  end  of  January,  when  the  cold  was  so  very  intense,  he 
carried  a  half-pint  of  brandy,  perfectly  fluid,  into  the  open 
air,  and  in  less  than  two  minutes  it  was  as  thick  as  treacle  ; 
in  about  five,  it  had  a  very  strong  ice  on  the  top. 

It  was  now  almost  impossible  to  sleep  an  hour  together, 
more  especially  on  very  cold  nights,  without  being  awakened 
by  the  cracking  of  the  beams  in  the  house,  which  were  rent 
by  the  prodigious  expansive  power  of  the  firost  It  was  very 
easjr  to  mistake  them  for  the  guns  on  the  top  of  the  house, 
which  are  three-pounders.  But  those  are  nothing  to  what 
we  frequently  hear  from  the  rocks  up  the  country,  and  along 
the  coast ;  these  often  bursting  with  a  report  eqv»l  to  that  of 
many  heavy  artillery  fired  together,  and  the  splinters  are 
thrown  to  an  amazing  distance. 

March  19th,  it  thawed  in  the  sun,  for  the  first  time,  and 
on  the  26th  it  thawed  -i^  reality.    The  yard  of  the  fiactory 
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was  that  day  almost  covered  with  water.  After  this,  it  con^ 
tinu^d  to  thaw  every  day  about  noon  when  the  sun  was  out ; 
^d  by  the  23d  of  April  the  ground  was  in  many  places 
bare.  On  the  26th  it  rained  very  fast,  ahnost  the  whole 
night,  which  was  the  first  rain  after  October  the  3d,  1768. 

Durmg  most  of  the  wmter  months,  November,  Decem- 
ber, January,  February,  and  March,  the  thermometer  with- 
out  was  considerably  below  zero,  the  lowest  of  all  being  —  45, 
that  is,  45  below  0,  which  was  on  the  22d  of  January.  And 
the  highest  state  was  +  80,  viz.  on  tlie  3d  of  July. 


Observations  on  ^  j4phides  of  LmruBus*  By  Dr.  William 
RiCHABDSONy  of  Hipofh  Yorkshire^  —  [1771.] 
Though  the  aphides  are  distinguished  by  Linnasus  into 
more  than  SO  species,  still  Dr.  R.  is  satisfied,  from  his  own 
observation,  that  the  distinct  species  are  even  double  that 
number:  nor  can  he  altogether  agree  with  this  ingenious 
author,  that  there  are  a  greater  variety  of  plants  producing 

r'  'des  than  there  are  different  sorts  of  this  insect.  Where 
tB  are  of  a  like  nature,  they  are  usually  frequented  by  the 
«ame  insects ;  but  many  of  these  plants  will  be  found  to  sup- 
port two  or  more  quite  different  sorts.  On  the  peach  and 
nectarine,  indeed,  the  aphides  are  the  same,  and  he  did  not 
find  on  these  trees  more  than  one  sort.  The  plum-tree,  on 
the  other  hand,  has  two  sorts,  very  distinct  from  each  other ; 
one  of  a  yellowish  ^een,  with  a  round  short  body ;  the  other 
of  a  bluish  green,  as  it  were  enamelled  with  white,  and  the 
shape  more  oblong.  On  the  gooseberry-bush  and  currant 
the  same  aphides  may  be  found ;  but  each  of  these  is  inha- 
bited by  two  very  different  species ;  one  being  of  a  dusky 
green,  with  a  short  plump  body  ;  the  other  of  a  paler  green, 
the  body  more  taper,  and  transversely  wrinkled.  To  these 
instances  he  further  adds,  that  the  rose-tree  supports  not  less 
than  three  distinct  species  ;  the  largest  of  which  is  of  a  deep 
green,  having  long  legs  of  a  brownish  cast,  with  the  joints  of 
a  very  dark  brown,  as  are  also  the  horns  and  antennae ;  a 
second  sort  is  paler  green,  has  much  shorter  legs,  and  a  mpre 
flat  body ;  the  third  sort  is  of  a  pale  red,  its  body  transversely 
wrinklea,  and  is  most  frequently  on  the  sweetbriar. 

If,  at  the  beginning  of  February,  the  weather  happens  to 
be  so  warm,  as  to  make  the  buds  of  the  rose-tree  swell  and 
appear  green,  small  aphides  are  frequently  to  be  found  upon 
them,  not  larger  than  the  young  ones  in  summer,  when  first 
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produced.  But  there  being  no  old  ones  to  be  found  at  tiln 
time  of  the  year,  which  in  summer  he  had  obsenred  to-be 
viviparous,  he  was  formerly  not  a  little  perplexed  by  stK^ 
different  appearances,  and  was  almost  induced  to  give  credit 
to  the  old  doctrine  of  equivocal  generation. 

Those  which  withstand  the  severity  of  the  weather  seldom 
come  to  their  full  growth  before  the  month  of  April ;  at 
which  time  they  usiudly  begin  to  breed,  after  twice  casting 
oiF  their  exuviae,  or  outer  coverii^.  It  then  appears  that 
that  they  are  all  females,  which  prcKlace  each  of  tnem.  a  very 
numerous  progeny.  As  before  observed,  they  are  viviparous  ; 
and  what  is  equally  uncommon,  the  young  ones  all  come  into 
the  world  backwards.  When  thejr  first  come  from  the 
parent,  they  are  enveloped  by  a  thm  membrane,  having  in 
this  situation  the  appearance  of  an  oval  egg ;  which  prol^ably 
induced  Reaumur  to  suspect  that  the  eggs  discovered  by 
Bonnet  were  nothing  more  than  abortions.  This  ^g^like 
appearance  adheres  by  aae  extremity  to  the  mother,  while 
the  young  one  contained  extends  the  other ;  by  that  means 
gradually  drawing  the  ruptured  membrane,  over  the  head 
^  and  body,  to  the  hind  feet.  Diuring  this  operation,  and  fyr 
some  time  after,  by  means  of  something  glutinous,  the  fore 
part  of  the  head  adheres  to  the  vent  of  the  parent.  Bemg 
thus  suspended  in  the  air,  it  soon  frees  itself  from  the  mem- 
brane in  which  it  was  confined,  and  afler  its  limbs  are  a  little 
strengthened,  is  set  down  on  some  tender  shoot,  and  then 
left  to  provide  for  itself.  When  the  Sf^ring  proves  mild,  and 
consequently  favourable  to  this  kind  of  insect.  Dr.  R.  has 
observed  not  only  the  rose-trees,  but  various  kinds  of  fruit- 
trees,  to  be  greatly  injured  by  them. 
.  In  the  spring  months,  there  appear  on  the  rose-tree  only 
two  generations  of  aphides,  including  those  which  imme- 
diately proceed  from  the  last  year's  eggs :  the  warmth  of  die 
summer  adds  so  much  to  their  fertility,  that  no  less  than  five 
generations  succeed  each  other  during  tbiit  interval  One  is 
produced  in  May,  which  twice  casts  off  its  covering ;  while 
the  months  of  June  and  July  each  supply  two  more,  which 
cast  off  their  coverings  three  or  four  times,  according  to  the 
different  warmth  of  the  season.  Tliis  frequent  dhange  of  the 
outer  covering  is  the  more  extraordinary,  as  it  is  the  oftenest 
repeated  when  the  insects  come  the  soonest  to  then*  growth ; 
which  Dr.  R.  has  sometimes  observed  to  happen  in  ten  days, 
where  warmth  and  plenty  of  nourishment  have  mutually 
conspired. 

Early  in  the  month  of  June,  some  of  the  thurd  generation, 
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which  were  produced  about  the  middle  of  May,  afler  casting 
off  their  last  covering,  discover  four  erect  wings,  much  longer 
than  their  bodies ;  and  the  same  is  observable  in  all  the  suc- 
ceeding generations,  which  are  produced  during  die  summer 
months,  without,  however,  distinguishing  any  diversity  of  sex, 
as  is  usual  in  several  other  kinds  of  insects.  For  some  time 
before  the  aphides  come  to  their  full  growth,  it  is  easy  to 
discover  which  of  them  will  have  wings,  by  a  remarkable 
fulness  in  the  breast,  which  in  the  others  is  hardly  to  be 
distinguished  from  the  body.  When  the  last  covering  is  re- 
jected, the  wings,  which  were  before  folded  up  in  a  very 
narrow  compass,  gradually  extend  themselves  in  a  most  sur- 
prising manner,  till  their  dimensions  are  at  last  very  con- 
siderfSde* 

A  very  small  black  ichneumon  fly,  with  a  slender  body, 
^d  very  long  antennae,  darts  its  pointed  tail  into  the  bodies 
of  the  aphides,  at  the  same  time  depositing  an  egg  in  each. 
This  egg  produces  a  worm,  which  feeds  on  the  containing 
insect,  till  it  lias  acquired  its  full  growth ;  when  it  is  usually 
dbanged  to  that  kind  of  fly  from  which  it  had  its  origin.  In 
this,  however,  it  is  sometimes  prevented  by  another  sort  of 
small  black  fly,  which  wounds  this  worm  uirough  its  pearl- 
like  habitation ;  and  by  laying  one  of  its  eggs  in  it,  instead 
of  the  former  fly,  produces  its  own  likeness. 

In  the  autumn.  Dr.  R.  finds  three  more  generations  of 
aphides  to  be  produced ;  two  of  which  make  their  appearance 
In  the  month  of  August,  and  the  third  usually  before  the 
middle  of  September.  As  the  first  two  differ  in  no  respect 
from  those  which  are  met  with  in  summer,  it  would  be 
wasting  time  to  dwell  any  longer  on  them  ;  but  the  third, 
difiering  ^eatly  from  all  the  rest,  demands  our  giving  it  a 
more  serious  attention.  Though  all  the  aphides  which  have 
hitherto  appeared  were  females,  in  this  tenth  generation  are 
found  several  male  insects ;  not  that  they  are  by  any  means 
so  numerous  as  the  females,  being  only  produced  by  a  small 
part  of  the  former  generation.  To  which  Dr.  R.  further 
adds,  that  he  has  observed  those  which  produce  males  pre- 
viously to  have  produced  a  number  of  females,  which  in  all 
rejects  resemble  those  already  described. 

The  female»  have  at  first  altogether  the  same  appearance 
with  those  of  the  former  generations ;  but  in  a  few  days  their 
colour  changes  from  a  green  to  a  yellow,  which  is  gradually 
converted  into  an  orange-colour,  before  they  come  to  their 
foil  growth.  They  differ  likewise  in  another  respect,  at  least 
from  those  which  occur  in  the  summer,  that  all  those  yellfe''^ 
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females  are  without  wings.  The  male  insects  are,  however,' 
still  more  remarkable,  their  outward  appearance  readily  dis- 
tinguishing them  from  the  females,  of  this  and  all  other 
generations.  When  first  produced  they  are  not  of  a  green 
colour,  like  the  rest,  but  of  a  reddish  brown ;  and  have  after- 
wards, when  they  begin  to  thicken  about  the  breast,  a  darfc 
line  along  the  middle  of  the  back.  These  male  insects  come 
to  their  full  growth  in  about  three  weeks*  time,  and  then  cast 
off  their  last  covering ;  the  whole  insect  being  after  this  oper* 
ation  of  a  bright  yellow,  the  wings  only  excepted.  But  fiicy 
soon  change  to  a  darker  yellow,  and  in  a  few  hours  to  a  very 
dark  brown ;  if  we  except  the  body,  which  is  something 
lighter  coloured,  and  has  a  reddish  cast.  They  are  all  of  the 
winged  sort ;  and  the  wings,  which  are  white  at  first,  soon 
become  transparent^  and  at  length  appear  like  very  ^e  black 
gauze. 

Though  Dr.  R.  has  observed  that  the  contents  of  the  eggs 
have  the  appearance  of  a  uniform  fluid  ;  that  this  cannot  in 
reality  be  the  case,  sufficiently  appears  fi-om  the  aphides  they 
produce  in  the  spring,  without  any  other  aid  than  the  warmth 
of  the  season.  Nor  is  a  single  insect  to  be  esteemed  the 
whole  product  of  an  egg)  since  it  has  been  clearly  shown, 
that  ten  generations  succeed  each  other ;  the  first  rudiments 
6f  which  must  have  been  originally  in  the  egg.  The  wonder 
however  becomes  still  greater,  when  we  consider  the  nimfiber 
of  individuals  in  each  generation;  this  being,  he  is  fully  con- 
vinced, at  a  medium,  not  less  than  50.  Whoever  pleases  to 
multiply  by  50,  nine  times  over,  may  by  this  means  form 
some  notion  of  the  great  number  of  insects  produced  ^om  a 
single  egg ;  but  will  at  the  same  time  find  that  number  so 
immense,  as  to  exceed  all  comprehension,  and  indeed  to  be 
little  short  of  infinity. 

Astronomical  ObservaHons  made,  hy  AppoinimefU  of  the  Royal 
Society y  at  King  Ge<yrge's  Island  in  the  South  Sea.  jBy 
Mr.  Charles  Green  and  lAeuUnant  James  Cook. 

The  first  appearance  of  Venus  on  the  sun  was  certaJDly 
only  the  penumbra,  and  the  contact  of  the  limbs  did  not 
happen  till  several  seconds  after,  and  then  it  appeared  as 
in  fig.  I.  This  appearance  was  observed  both  by  Mr.  Green 
and  me ;  but  the  time  it  happened  was  not  noted  by  either 
of  us:  it  appeared  to  be  very  difficult  to  judge  precisely 
of  the  times  that  the  internal  contacts  of  the  body  of  Venus 
happened,  by  reason  of  the  darkness  of  the  penumbra  at  the 


OBSERVATIONS   OK  VEaSTABLB  PHYSIOLOGY.         43? 

Mil's  hmbp  it  being  there  nearly,  if  not  quite,  as  dark  as  the 
filanet.  j       ^^ 

At  this  time  a  faint  light,  much  — '^"'■' 

weaker  than  the  rest  of  the  penum- 
bra, appeared  to  converge  towards 
the  point  of  contact,  but  did  not 
quite  reach  it :  see  tig.  2.  This  was 
aeten  by  myself  and  the  two  other 
cdl;)servers,  and  was  of  great  assist- 
ance to  us  in  judging  of  the  time  of 
the  mternal  contacts  of  the  dark 
body  of  Venus,  with  the  sun's  limb. 

The  first  internal  contact^  or  the  limb  of  Venus,  seemed  to 
coincide  with^  the  sun's,  as  represented  by  fig*  S. 


7%e  Quaniktf  of  ike  Surd  ParaUax^  as  deduced  from  the 
,    OhservatwM  qf  the  Transit  of  Venus,  June  3. 1769.    J?y 

Thomas  HoaNSBYyM.A.F.M.S.  — [1171.2 
:  The  uncertabty  as  to  the  quantity  of  the  6un*s  ^aralkx, 
Reduced  from  the  observations  of  the  transit  of  Venus  m  1761, 
(whethj&r  it  arose  from  the  unfavourable  position  of  the  planet, 
so  that  a  suffid^t  difference  of  time  m  the  total  duration  of 
ithe  transit  was  not,  and  indeed  could  not  be,  obtained  from 
observations  made  at  different  places ;  or  from  the  disagree- 
ment of  the  observations  of  differ^t  astronomers,  which 
w^e  to  serve  as  terms  of  comparison,)  seems  now  to  be. 
.(^tirely  removed ;  and  from  the  observations  made  in  distant 
fiarts  bv  the  astronomers  of  different  nations,  and  especially 
fym  those  made  under  the  patronage  and  direction  of  this 
iBOciety,  the  learned  of  the  present  time  ma^r  congratulate 
xbems0iveB  on  obtaining  as  accurate  a  determination  of  the 
sun's  distance  as  perhaps  the  nature  of  the  subject  will  admit. 

The  parallax  on  the  thurd  of  June  bein^  8''.65,  the  mean 
fttiallaacwill  be  found  to  be  =  8''.78;  and  if  the  semidiameter 
of  the  eartk  be  supposed  ;=  3985  English  miles,  the  mean 
distance  of  the;  earUi  from^tho  sun  will  be  93,726;900  English 

*    Ob^BTwOions  on  -■  Vegetation.    Sy  Mr^  Mustsl  of  Rouen. 

Many  celebrated  writers,  induced  by  th6  analogy  which 

they  observed  betweeu  the  yegetitfle '  and  animal  kingdoms, 

nave  a4mi|;ted  tiie  cifcutaW6ri;ci^  in  the  one,  in  a 

.similar  manner  to  tliQ  cifcjilatip'jiytr       blood  in  the  oUier, 
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On  the  I2dk  of  January,  Mr.  Moatel  placed  MreMl 
in  poto  against  the  windows  of  his  hot-house,  some  witiha  the 
house,  and  others  without  it.  Throitth  holes  made  finrcids  pur- 
pose in  the  panes  of  glass,  he  passed  a  hmch  of  eadi  of  die 
shrubs,  so  that  those  on  the  inside  had  a  hranoii  witfaonty 
and  those  on  the  outside  one  within;  after  this,  he  look  cwfe 
that  the  holes  should  be  exactly  closed  and  luted. 

The  20th  of  January,  a  wedc  after  this  dispositieii,  all  the 
branches  that  were  in  the  hot^house  began  to  disoloie  lAcir 
buds.    In  the  beginnii^  of  Februanr  there  appeared  leatves, 
and  towards  the  end  of  it  shoots  of  a  considerable  length* 
which  presented  the  young  flowers.    A  dwarf  apple>tree  and 
several  rose-trees,  being  submitted  to  the  same  expennMnlp 
showed  the  same  appearance  then  as  they  commonly  put  ott 
in  May ;  in  short,  idl  the  branches  wh^  were  withm  the 
hot-house,  and  consequently  k^t  in  the  warm  air,  were  green 
at  the  end  of  February,  and  had  their  shoots  in  great  for- 
wardness.   Very  different  were  those  parts  of  the  same  tree 
which  were  without,  and  exposed  to  the  cold.    None  of  these 
^ve  the  least  sign  tif  vegetation;  and  the  ftost,  whioh  was 
mtense  at  that  time,  broke  a  rose-pot  placed  on  the  oulsiil^ 
and  killed  some  of  the  branches  of  that  Tery  tre(&,  whidi  on 
the  inside  was  every  day  putting  forth  more  and  more  shoots* 
leaves,  and  buds,  so  that  it  was  in  full  vegetadoa  on  <me  side^ 
while  frozen  on  the  other. 

The  continuance  of  the  frost  occarioned  no  dbange  in  aw 
of  the  internal  branches.  They  all  continued  In  a  very  tnisK 
and  verdant  state,  as  if  they  did  not  bdong  to  the  tPte, 
which,  on  the  outside,  appeared  m  a  state  of  the  ffreatost 
suffering.  On  the  15th  of  March,  notwitfastimc&g  the 
severity  of  the  season,  all  was  m  full  bloom.  The  apple-tree 
had  its  root,  its  stem,  and  part  of  ks  brmches,  in  the  ho^ 
house.  These  brandies  were  covered  with  leaves  and 
flowers;  but  the  branches  of  the  same  tree,  which  were 
carried  to  the  outside,  and  exposed  Uv  the  cold  air,  did  not  in 
tiie  least  partake  of  the  activity  of  die  rest,  liut  were 
absolutely  m  the  same  state  whidi  all  trees  are  in  4aring 
winter.  A  rose-tree,  m  the  same  position*  showed  Umg 
shoots  with  leaves  and  buds ;  it  had  even  ^t  a  vigorous 
branch  on  its  stalk,  whfle  a  brandi  which  passed  through  to 
the  outside  had  not  begun  to  produce  any  thing,  but  was  in 
the  same  state  with  other  rose-trees  left  in  the  around. 

The  interior  branches  continued  their  productions  in  a 
regular  manner,  and  the  external  ones  began  theirs  at  the 
same  time,  and  in  the  same  maoneri  aa  they  wQuld  have  done 
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lad  diegr  been  left  m  the  j^und.  The  finite  of  Che  interior 
temcfaes  itf  the aj^Ie-tree  were,  in  the  beginning  of  May,,  of 
(the  sbe  of  mstmegs;  while  the  blossoms  but  just  began  to 
ajbow  llicfliiMiTes  on  the  branches  without. 
i  The  omaequeBoes  seemed  to  prove,  1.  That  the  circukition 
^  the  mp  doea  sot  take  place  in  plante  as  the  circulation 
<£  the  blood  in  aninials.  2.  That  each  part  of  a  tree  is 
^ftomidied  linith  a  sufficient  quantity  of  sap  to  effect  the  first 
fwodnetlon  of  buds,  flowers,  and  fruits.  S^  That  it  is  heat 
wiMh  uniUds  the  leaves,  and  produces  the  other  parte  of 
fructification,  in  the  branch  exposed  to  ite  action.  From  this 
It  Appears,  that  the  vegetable  economy  is  different  firom  the 
(Saimal,  and  ihat  those  who  endeavoured  to  establish  the  cir^ 
^colatiofi  m  both  carried  their  analogy  too  far* 


JSsK^enmenif  and  Observations  on  the  Singing  'tf  Birds.  Bg 
the  Hon.  DdJNSs  Babainqton,  T.-P.  A&  — [1773.} 

To  diiip  is  the  first  sound  which  a  young  bird  utters,  as  a 
^9ty4sft  md,  and  is  Afferent  in  all  nestdmgs,  if  accurately  at- 
OMded  to;  ao  that  the  hearer  may  distinguish  of  what  spe- 
''Oies  Hie  birds  are,  though  the  nest  may  hang  out  of  his  sight 
40id  teuek*  Hie  call  of  a  bird  is  that  sound  which  it  is  i^ 
'^to  make,  when  about  a  month  old ;  it  is,  in  most  instances,  a 
.l«petitioti  of  one  and  the  same  note,  is  retained  by  d|^  1)^ 
-aa  king  aa  it  liws,  and  is  common,  generally,  to  both  taecock 
-and  h^  The  next  staf^e  in  the  notes  c^a  bird  is  termed,  by 
tiie  bird«€atch^s,  recording.  This  attempt  in  the  nestling  to 
aiog  toSLV  be  compared  to  the  imperfect  endeavour  in  a  <£ild 
^10  bafaim.  A  young  bird  commonly  continues  to  record  for 
•lO  or  11  months,  when  he  is  able  to  execute  every  part  of 
■hU  a^ng,  which  afterwards  continues  fixed,  and  is  scarcely 
-ewtmltn^d.  When  the  bird  is  thus  become  perfect  in  his 
lanon,  Jie  isMid  to  sing  his  soi^  round,  or  in  all  ite  varieties 
)of  {Munage^  whieh  he  comaecte  together,  and  executes  with- 
out apouse.  . 

Nbtfls  m  birdsaresio  more  innate  than  language  is  in  man, 
'4Bnd  dopomd  eatirely  on  the  master  under  which  they  are 
btad,aate«s  their  organs  wffl  enable  them  to  imitate  the 
aoonda  which  Aef  have  ftequont  opportunities  of  hearing. 
Mb.  &  adueafted  nestling  linneto  under  the  three  best  sin^iog 
larks,  ^^akvhvk,  woodlark,  and  titlark,  every  one  of  which, 
.n»teBd4>f  tw  linnet's  song,  adhered  entirely  to  that  of  their 
respective  instructors*  mien  the  note  of  the  titlark-Unnet 
was  thoroughly  fixed^  he  hun^  the  bird  in  a  room  with  two 
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common  Ikmets,  for  a  quarter  of  a  year,  which  were  fidl  aft 
Bong;  the  titlark«liimet,  however,  did  not  hocrow  any  pas- 
nges  from  th0  linnet's  song,  but  acUiered  steadfiistly  to  tbiU  of 
the  tidarL  Having  some  curiosi^  to  find  out  whether  a 
•European  nestling  would  equally  leium  the  note  of  an  Africam 
bird,  he  educated  a  young  linnet  under  a  vengolina,  wbi^ 
imitated  its  African  master  so  exactly,  without  any  neubctifire 
of  the  linnetHsongy  that  it  was  impossible  to  distinguish  the 
one  from  the  other.  This  vengolina  linnet  was  absolutely  per- 
fect, without  ever  uttering  a  single  note  by  which  it  could 
have  been  known  to  be  a  Imnet. 

Mrt  B.  took  a  common  sparrow  from  the  nest  when  it  wa$ 
fledged,  and  educated  him  under  a  linnet :  the  bird,  howey^» 
by  accident,  heard  a  goldfinch  also,  and  his  song  was,  there^ 
fore,  a  mixture  of  the  linnet  and  goldfinch.  Mr.  B.  educated 
a  young  robin  under  a.  very  fine  nightingale ;  which,  howevcar, 
began  already  to  be  out  of  song,  and  was  perfectly  mute  m 
less  tlum  a  fortnight  This  robin  afterwards  sung  three  parts 
in  four  nightingde,  and  the  rest  of  his  song  was  what  the 
bird-catchers  call  rubbish,  or  no  partial  note  whatever 
He  educated  a  nestling  robin  under  a  woodlark-4innet,  which 
was  full  in  song,  and  hung  very  near  to  him  for  a  month  to- 
gether ;  afrer  which  the  robin  was  removed  to  another  houses 
where  he  could  only  hear  a  skylark-linnet.  The  consequence 
was  ijiat  the  nesUing  did  not  sing  a  note  of  woodlaili^ 
though  he  afterwards  hung  him  again  just  above  the  wood* 
lark-linnet,  but  adhered  entirely  to  the  song  of  the  slgrlark- 
linnet. 

Some  passages  of  the  song  in  a  few  kinds  of  birds  correa* 
pond  with  the  intervab  of  our  musical  scale,  of  which  die 
cuckoo  is  a  striking  and  known  instance :  much  the  greater 
part,  however,  of  such  song  is  not  capable  of  musical  nota* 
tions.  As  a  bird's  pitch  is  higher  than  that  of  any  instrii* 
ment,  we  are  at  a  loss  when  we  attempt  to  mark  their  notes 
in  musical  characters,  which  we  can  so  readily  apply  to  suck 
as  we  can  distinguish  with  precision.  An  insurmouAtabfe 
difficulty  is,  that  the  intervals  used  by  birds  are  commonly  so 
minute,  that  we  cannot  judge  at  all  of  them,  from  the  more 
gross  intervals  into  which  we  divide  our  musical  octave. 
Though  we  cannot  attain  the  more  delicate  and  imperceptible 
intervals  in  the  song  of  birds,  yet  many  of  them  are  capable 
of  whistling  tunes  with  our  more  gross  intervals,  as  is  well 
known  by  the  common  instances  of  piping  bullfinches  and 
canary  birds. 
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Most  people,  who  have  not  attended  to  the  notes  «of  Inrds, 
suppose  that  those  of  every  species  sing  exactly  the  san^ 
notes  and  passages  ;  which  is  by  no  means  true,  though  it  is 
admitted  that  there  is  a  general  resemblance.  Thus  the 
London  bird-catchers  prefer  the  song  of  the  Kentish  gold- 
finches, but  Essex  chaffinches  ;  and  when  they  sell  the  bird 
td  those  who  can  thus  distinguish,  inform  Uie  buyer  that 
It  h^  such  a  note,  which  is  very  well  understood  between 
them.  Some  of  the  nightingale-fanciers  dso  prefer  a  Surrey 
bird  to  those  of  Middlesex.  These  differences  in  the  song  of 
birds -of  the  same  species  cannot,- perhaps," be,  compared  to 
any  thing  more  apposite  -than  the  varieties  of  the  provincial 
dialects. 

Hie  nightingiede  seems  to  have  been  fixed  9n,  almost  uni- 
versally, as  the  most  capitid  of  singmg  birds,  which  superiority 
it  certainly  may  boldly  challenge:  one  reason,  however,  of 
this  bird's  being  more  attended  to  than  others  is,  that  it  sings 
in  the  night.  In  the  first  place,  its  tone  is  infinitely  more 
mellow  than  that  of  any  other  bird,  though,  at  the  same  time, 
by  a  proper  exertion  of  its  musical  powers,  it  can'  be  ex- 
cessively brilliant.  When  this  bird  sang  its  song  round,  in 
its  whole  compass,  Mr.  B.  has  observed  16  different  begin: 
nings  and  -closes,  at  the  same  time  that  the  intermediate 
notes  were  conrtnonly  varied  in  their  succession  with  such 
judgment  as  to  produce  a  most  pleasing  variety,  dbt  it  is 
hot  only  in  tone  and  variety  that  the  nightingale  exceR  ;  the 
bird  also  sings  with  superior  judgment  and  taste.  Mr.  B* 
h^S^  observed,  that  his  nightingale  began  soflly  like  the  ancient 
oratora;  reserving  its  breath  to  swell  "certain  notes,  which 
by  this  means  had  a  most  astonishing  effect,  and  which  eludes 
all  verbal  description. 

The  bird  which  approaches  nearest  to  the  excellence  of 
the  nightingale,  in  this  respect,  is  the  skylark ;  but  then  the 
tone  is  infinitely  inferior  in  point  of  mellowness :  most  other 
ringing  birds  have  not  above  four  or  five  changes.  The  next 
point  of  superiority  in  a  nightingale  is  its  continuance  of 
song,  without  a  pausie,  which  Mr.  B.  has  observed  sometimes 
not  to  be  less  than  20  seconds.  Whenever  respiration,  how-^ 
ever,  became  necessary,  it  was  taken  with  as  much  judgment 
as  by  an  opera  singer. 

;  Mr.  B.  here  inserts  a  table,  by  which  the  comparative 
merit  of  the  British  singing  birds  may  be  examined,  in  which 
the  number  20  denotes  the  point  of  absolute  perfection :  -* 

V  5 
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of  tone. 

donpMt* 

£z«catiQB« 

Nightingale 

m 

19 

19 

1^ 

SkjUak 

- 

4 

18 

18 

Woodlark 

. 

18 

1« 

8 

Tidark 

<!. 

\% 

12 

IS 

Linnet 

• 

12 

16 

18 

Goldfinch 

-■ 

4 

12 

Itf 

Chaffinch      • 

• 

4 

B 

8 

Greenfinch 

« 

4 

4 

« 

Hedge-aparrow 

- 

6 

4 

.  4 

Aberdavme  (or  sUao) 

S 

4 

'4  ■    ■ 

Redpole 

• 

0 

.4 

■  4  " 

Thrn^        - 

• 

4 

4    ■ 

4 

Blackbird 

« 

4 

2 

2 

Robin 

*. 

6 

12 

12 

Wren 

m 

0 

•      4 

4 

Reed-8panrow 

- 

0 

2 

2 

Blackcap,  or  the  Norfolk  1  , . 
mock-nightingale        ^ 

14 

14 

It  may  be  asked,  how  birds  orJ^ally  came  by  the  notes 
which  are  peculiar  to  each  species.  The  answer,  however,  to 
this  is,  that  the  origin  of  the  notes  of  birds,  together  with  its 
gradual  progress,  is  as  difficult  to  be  traced  as  that  of  the 
oiffereot  languages  in  nations.  The  loss  of  the  parent  cock^i^ 
at  the  critic^  time  for  instruction,  has,  doubtless,  produced 
those  varieties  which  are  in  the  song  of  each  species ;  because 
then  the  nestling  has  either  attended  to  the  song  of  some 
other  birds,  or,  perhaps,  invented  some  new  notes  of  its  own, 
which  are  aflerwards  perpetuated  from  generation  to  gener- 
ation, till  similar  accidents  produce  other  alterations. 


The  ffis&fry  <f  Ae  Sea  Anemanies.    By  Ahb6  J)tcavafM£^ 
at  H<wre  de  Grace— [1773.] 
The  sea  anemqnies  found  on  the  coast  of  the  Havre  seem 
to  constitute  three  different  species.    Those 
here  put  in  the  first  class,  because  in  certain 
positions  they  resemble  most  the  flower  known 
by  the  name  of  anemone,  ding  or  adhere  to 
rocks  and  stones,  and  are  oft&a,  fi»und  in  the 
holes  tibat  chance  to  be  in  them,  and  seemf 
to  like  the  surface  of  the  water.    The  outer 
shape  of  the  body  of  this  animal,  when  it 
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/JtmMOM  itself  is  much  bice  a  tnmcated  cone,  as  in  the  en- 
.^graving,  with  its  hasis  fixed  and  strongly  clinging  to  the 
rdci^  Its  upper  part  is  termmated  with  a  hollow.  This 
cone  is  often  perpendicular  to  its  basis :  sometimes  it  lies  in 
jan  dbUque  posUion  to  it»  or  the  basis  a>reads  itself  irregularly ; 
so  that  ^om  a  round  it  alters  to  an  elliptical  shape. 

Sometimes  it  imitates  jpretty  exacdy  the  inclosing  out^ 
leaves  of  anemonies,  while 
the  limbs  of  the  animal  are 
not  unlike  the  shag*  or  inner 
part  of  these  powers,  as  in 
the  engraving.  At  other 
time^  it  assumes  the  shape 
expcessed  by  the  other  engraving.  Indeed  these  animals 
alter  their  forms  so  often,,  that  it  would  be  difficult,  perhaps, 
«v^  impossibly,  to  describe  them  exactly.  One  part  of  their 
body  or  limbs  swells  at  times  very  considerably,  at  die  ex- 
pense <^  the  rest.  The  figures  and  the  particular  observ- 
ations will  supply  what  is  wanting  here.  With  regard  to 
their  colours,  they  vary  amazingly.  Every  hue  of  puiple, 
green,  brown,  and  violet,  is  to  be  seen  blended  together.  A 
great  number  of  them  aire  of  one  uniform  colour;  while 
others  are  spotted  either  symmetrically,  as  in  str^s,  or  in 
an  irregular,  but  always  pleasing  manner.  Most  of  them 
have  round  Uieir  basis  a  blue  or  white  streak,  broader  or  nar- 
rower, which  produces  a  sort  of  ring.  When  many  of  these 
animals  are  put  together  at  the  bottom  of  a  flattlsh  and  wide 
vessel,  the  whole  appears  as  a  bed  of  anemonies. 

The  sea  anemonies  of  the  second  species  are  pretty  nearly 
shaped  out  as  those  of  the  first, 
but  they  are  much  larger.  Mr. 
D.  had  some,  kept  in  sea-water, 
that  were  18  or  20  inches  in  cir-  , 
oumference.  Their  cloak  or  outer ; 
skin  is  rough  like  shagreen^  or 
full  of  little  kndis:  see  the  en- 
g)raving.  They  r^nain  in  ^the 
sand,  sticking  to  the  loose  stones 
inky^aBd  stretch  out  their  limbs 
to  ^  t^,  in  order  to  lay  hold  of 
^^r  prey,  as  soon  as  it  touches 
the  supejmcies  of  the  sand.  The 
flower  of  poppies  is  said  to  be  the  plague  and  distress  of 
painters,  to  represent  exactly  the  variety  and  brilliancy  of  its 
colours ;  the  same  may  be  said  of  the  sea  anemonies  of  this 
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larger  species.    The  purest  white,  cannihe,  and  ultradnarxiiey 
would  hardly  be  bright  enough  to  paint  them  properly*     Xin? 
limbs  of  some  of  them  are  of  a  moderate  or  dim  colour,  8t 
the  same  time  that  the  cloak  is  made  up  of  the  brightest 
colours.    The  mouth  is  in  the  centre  of  the  upper  part :  It  Is 
not  always  shaped  in  the  same  manner  in  other  anemonies  as 
it  is  seen  here,  or  at  least  does  not  always  appear  to  be  so. 
This  anemone  has  five  rows  of  limbs.    There  are  10  in  the 
innermost  row;  the  like  number  in  the  second;  20  in  the 
thu-d ;  30  in  the  fourth ;  and  80  in  the  fifth.    When  the  ani- 
mal is  out  of  the  water,  and  is  squeezed,  it  spirts  out  water 
at  the  mouth  and  at  several  of  its  limbs  at  the  same  time ;  so 
that  it  imitates  pretty  well  the  play  of  water-works.    When 
the  limbs  are  drawn  in  ^closer  together,  they  give  it  the  look 
of  a  flower,  especially  of  an  anemone. 

What  first  offered  itself  to  Mr.  JD.'s  observations,  is  what 
distinguishes  these  animals  from  plants,  viz.  progressive  mo- 
tion, by  the  help  of  which  they  can  shift  tSieir  place ;  the 
other  determinate  motions,  by  whidi  they  are  enabled  to  lay 
hold  of  their  prey  ;^ the  means  they  make  use  of  to  defend 
themselves ;  their  deglutition,  digestion,  evacuations,  and^ 
lastly,  the  propagation  of  their  species,  &c.  What  Kttle  he 
has  had  an  opportunity  to  see  of  those  functions  appears  suf* 
ficient  to  place  these  creatures  in  the  class  of  spcmtaneoiis  ani- 
mals, rather  than  in  the  dark  indeterminate  list  of  zoophytes* 

In  May,  1772,  he  clipped  all  the  limbs  of  a  purple  anemone 
of  the  first  species.  Soon  after,  these  limbs  began  to  bud 
out  again.  The  SOth  of  July  they  were  clipped  a  second 
time,  and  grew  again  in  less  than  a  month.  Having  cut  them 
a  third  time,  tliey  had  a  third  shooting  out.  The  same  expe- 
riment on  a  green  anemone  had  the  like  success.  It  seems 
these  reproductions  might  extend  as  far,  or  be  as  often  re- 
j^ated,  as  patience  and  curiosity  would  admit  Several  ex- 
periments have  convinced  him  that  one  single  limb  of  these 
anemonies  being  cut  off  retains  a  power  to  fasten  itself  to 
any  small  body  that  is  brought  near  it,  either  by  its  aid,  or 
by  the  side  towards  the  end,  but  not  by  that  part  where  the 
dipping  was  made. 

These  animals  can  live  a  whole  year,  and  perhaps  much 
longer,  without  any  other  food  than  what  they  diance  to  find 
disseminated  in  the  sea-water.  They  do  not  want  man^ 
motions  to  procure  their  food,  besides  stretching  out  their 
limbs,  to  receive  such  as  comes  within  their  reach ;  and  they 
remain  surrounded  with  muscles,  &c.  without  laying  hold  of 
any  of  them.    He  has  given  anemonies  some  of  these  mus- 
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<deB  alive,  but  with  their  shells  closed,  aad  about  sik'lines  in 
length.  They  were  swallowed  in  that  state ;  and  40,  50,  and 
60  hours  after,  the  shells  >f ere  thrown  up  at  the  moutti, 
empty  and  perfectly  cleared,  even  from  the  small  tendons 
which  connect  the  fish  to  its  shells.  The  anemonies  swallow 
fOtd  digest  small  fish,  and  bits  of  larger  fish,  w  of  raw  meat, 
tdien  offered  to  them.  When  they  <;annot  digest  some  of 
the  food,  they  throw  it  up  at  the  mouth,  either  whole  or 
partly  dissolved  .into  a  viscous  liquor,  which  may,  in  some 
measure^  be  considered  as  their  excrements. 


XiCtier  from  the  Sieur  Se/onettb,  Mayor  <jfLa  RacheUej  and 
ieoond  perpHmd  Secretary  of  the  Academy  of  that  City. 

The  experiment,  of  which  I  am  going  to  give  an  account, 
was  made  in  the  presence  of  the  Academy  of  this  city.  A 
live  torpedo  was  placed  on  a  table.  Round  another  table 
stood  five  persons  insulated.  Two  brass  wires,  each  IS  feet 
long,  were  suspended  to  the  ceiling  by  silken  strings.  One  of 
these  wires  rested  by  one  end  on  the  wet  napkm  on  which 
the  fish  lay;  the  other  end  was  immersed  m  a  basin  full  of 
vrater  placed  on  the  second  table,  on  which  stood  four  other 
basins  likewise  full  of  water.  The  first  person  put  a  finger  of 
one  hand  in  the  basin  in  which  the  wire  was  immersed,  and  a 
finger  of  the  other  hand  in  the  second  basin.  The  second 
|)erson  put  a  finger  of  one  hand  in  this  last  basin,  and  a  finger 
of  the  other  hand  in  the  third,  and  so  on  successively,  till  th^ 
€ve  persons  communicated  with  one  another  by  the  water  in 
the  basins.  The  result  of  the  experiment  showed  that 
the  action  of  the  torpedo  is  communicated  by  the  same 
mediums  as  that  of  the  electric  fluid.  The  bodies  which  in«> 
tercept  the  action  of  the  one  intercept,  likewise,  the  action  of 
the  other.  The  effects  produced  by  the  torpedo  resemble  in 
evCTv  respect  a  weak  electricity. 

The  effect  of  the  animal  was,  in  these  experiments,  trans- 
mitted through  as  great  an  extent  and  variety  of  conductors 
'^s  Inmost  at  anv  time  we  had  been  able  to  obtain  it,  and  the 
experiments  included  nearly  all  the  points,  in  which  its  analogy 
with  the  effect  of  the  Leyden  phial  had  been  observed. 

The  torpedo,  on  this  occasion,  dispensed  only  the  distinct, 
instantaneous  stroke,  so  well  known  by  the  name  of  the  electric 
shock.  That  protracted  but  lighter  sensation,  that  torpor  or 
numbness  which  he  at  times  induces,  and  from  which  he  takes 
his  name,  was  not  then  experienced  from  the  animal ;  but  it 
was  imitated  with  artificial  electricity,  ^nd  shown-to»be  pro- 
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diaaUe  bya  quick  coMeomioii  of  minute  sbodu*  Thii»  i|t 
the  t<Hpeao»  may  perhaqps;  be  effected  by  the  successive  dJsK 
charge  o£  hisjuumerous  cylinders,  fn  the  nature  of  a  runnii^ 
fire  «f  musketry :  the  6ti!(9Qg  ^g^^  shock  may  be  his  ^e** 
tx&eti  volley.  In  the  continujed  e&ct,  as  well  as  the  instaa* 
tmeomf  his  eyes»  usua%  prominenl;»  are  withdn^wn  into 
iheir  sodcets.  The  same  experiments,  performed  with  the 
iMime  torpedois,  were,  on  the  two  succeeding  days,  rctpeatjed 
befoare  numerous  companies  of  the  principal  inhabitants  of 
La  Rochelle. 

Several  persons,  forming  as  many  distinct  circuits,  can  be 
filfected  by  one.  stroke  of  the  animal,  as  well  as  when  joined 
in  a  single  circuit.  For  instance,  four  persons,  tQtichii% 
Separately  his  upper  and  lower  surfaces,  were  aU  affe^ed; 
two  persons  likewise,  ailer  the  dectricity  had  passed  through 
jtwire  into  a  ba«n  of  water,  transmitted  it  from  thence,  in 
two  distinct  chaimel^  as  their  sensation  convinced  them,  into 
soother  basin  of  walec>  whence  it  was  conducted,  probably 
in  a  united  atate,  by  a  single  wire.  How  much  further  the 
«Sect  might  be  tbtis  dividied  and  subdivided  into  different 
channels,  was  not  determined;  but  it  was  found  to  be,pro« 
|>ortionidbly  weakened  by  multiplymg  these  circuits,  as  it  nad 
been  by  extending  the  single  circuit. 

The  organs  th^nselves,  when  uncharged,  appeared  to  be, 
not  intericNrly  we  might  sv^p^se,  but  rather  ext^iorly,  con- 
ductors of  a  shock.  An  msulated  person  touching  two  tor- 
pedos,  near  each  other,  on  a  damp  table,  with  his  fingers 
placed,  one  on  the  organ  of  one  fish,  and  another  on  the  organ 
dT  the  other,  was  sensibly  of  shocks,  sometimes  delivered  hj 
one  fish,  and  sometimes  by  the  otlier,  as  might  be  discovered 
by  the  respective  wmking  of  their  eyes.  That  the  organs 
'  undiarged  served  some  way  or  other  as  conductors  wa^  con- 
jfirmed  with  artificial  electricity  in  passing  shocks  by  them, 
and  in  taking  sparks  fi*om  them  when  electrified.  The  electric 
effect  was  never  perceived  by  us  to  be  attended  with  any 
motion  or  alteration  in  the  organs  themselves,  but  ims  fre- 
quently accompanied  with  a  Ihtle  transient  agitation  aloi^  the 
cartilages  whidi  surround  both  organs. 

The  annexed  figure  represents  the  under  sur&oe  of  the  fia- 
male.  a.  An  exposure,  on  Haying  off  the  skin,  of  the  right 
electric  organ,  which  consists  of  white  pliant  columns,  in  a 
dose,  and  for  the  most  part  hexagonal  arrangement,  jgving  the 
getieral  appearance  of  a  honeycomb  in  miniature.  These  co« 
lumns  have  been  sometimes  ^nominated  cylinders ;  but,  h^v** 
ing  no  interstices,  they  are  all  angular,  and  chiefly  six-cornered. 
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if.  The  iddnnrhich  coTered  the  organ,  thowiBg,  ott  tto  iimer  lide, 
a  hexagonal  neUwoik.  ^ 
€i  The  nostrils  in  the  ^ 
^bnn  of  a  crescent* 
4t  1%8  mouth  in  a  cres- 
cent contrary  to  that  of 
die  nostrils,  fbmidied 
urtth  several  rows  ciyetj 
small  hooked  teeth,  e. 
The  brandhid  apeN 
turesy  five  on  each  side. 
fy  The  place  of  the  heart. 
9y  9f9^  '^^  place  of  the 
two  asiterior  transverse 
cartilages,  which,  pass- 
ing one  above  and  the 
otlier  below  the  spine, 
nuppdft  the  diaphragm, 
oiid  uniting  towards 
dicir  extremities,  form 
on  either  side  a  kind  of 
<davicle  and  scapula. 
hy  hy  The  outward  mar- 
gin of  the  great  lateral 
tin.  f,  t.  Its  inner  marj 
it,  Tlie  articulation  of 


in,  confining  with  the  electric  organ. 

e  great  lateral  fin  with  the  scapula. 
iy  The  abdomen.  9»,  m,  m.  The  place  of  the  posterior  trans- 
verse cartilage  which  is  single,  tmited  with  t^e  spine,  and 
supports  on  each  side  the  smaller  lateral  fins,  n,  ti,  n,  n.  The 
^wo  smaller  lateral  fins,    o.  The  anus,    p.  The  fki  of  the  tail. 


Anatomical  OhservaUons  on  the  Torpedo.   By  JohnHuntsx, 

F.S.S.  — 11173.2 
:  The  electric  organs  of  the  torpedo  are  placed  on  each  side 
tkf  the  cranium  and  gills,  reaching  from  thence  to  the  semi- 
cfrcular  cartilages  of  each  great  fin,  and  extending  longi- 
tudinally from  the  anterior  extremity  of  the  animal  to  une 
tcansverse  cartilage,  which  divides  the  thorax  frcmi  the  ab- 
d(»nen ;  and  withm  these  limits  they  occupy  the  whole  space 
between  the  skin  of  the  upper  and  of  the  under  surfaces : 
they  are  thickest  at  the  edges  near  the  centre  of  the  fish,  and 
become  gradually  thinner  towards  the  extremities.  Eadi 
electric  organ,  at  its  inner  longitudiiwl  ^e^e,  ^  jig^quaUy 
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.hollowed;  being  exactlf  fittcfd  to  the  irregular  projections  o€ 
the  cranium  and  gills.  The  outer  longititdiiml  edge  is  a  codyc^c 
elliptic  curve*  The  anterior  extremitj  of  each  organ,  mak^ 
the  section  of  a  small  circle;  and  the  posterior  extoeniity  nmfcea 
nearly  a  right  angle  with  the  inner-  edge.  Biuii  organ  Ss 
attached  to  the  surrounding  parts  by  a  close  celhilar  mem- 
brane, and  also  by  short  and  strong  tendinous  fibres,  whidi 
pass  directly  across,  firom  its  outer  edge»  to  the  semicircular 
cartilages.  They  are  covered,  above  and  helow,  by  the  com- 
mon skin  of  the  animal ;  under  which-  there  is  a  thin  fascia 
spread  over  the  whole  organ.  This  is  composed  of  jGbres, 
which  run  longitudinally,  or  in  the  direction  of  the  body  of  the 
animal :  these  fibres  appear  to  be  perforated  in  innumerable 
places ;  which  gives  the  fascia  the  appearance  of  being  fasci* 
culated :  its  edges  all  around  are  closely  connected  to  the 
skin^  and  at  last  appear  to  be  lost,  or  to  degenerate  into  the 
common  cellular  membrane  of  the  skin. 

Each  organ  of  the  fish  under  consideration  is  about  &v^ 
inches  in  length,  and  at  the  anterior  end  three  in  breadth, 
though  it  is  biit  little  more  than  half  as  broad  at  the  posterior 
extremity.    Each  consists  wholly  of  perpendicular  columns, 
reaching  from  the  upper  to  the  under  surface  of.  the  body, 
and  varying  in  their  lengths,  according  to  the  thickness  of  the 
parts  of  the  body  where  they  are  placed ;  the  longest  column 
.  being  about  an  inch  and  a  half,  the  shortest  about  one  fourth  of 
an  inch  in  length,  and  their  diameters  about  two  tenths  of  an  inch. 
The  figures  of  the  columns  are  very  irregular,  varying  according 
to  situation  and  other  circumstances.   The  greatest  number  of 
i  them  are  either  irregular  hexagons,  or  irregular  pentagons ; 
^  but  from  the  irregularity  of  some  of  them,  it  happens  that  a 
pretty  regular  quadrangular  column  is  sometimes  formed. 
Those  of  the  exterior  row  are  either  quadrangular  or  hex- 
agonal ;.  having  one  side  external,  two  lateral,  and  either  one 
*or  two  internal.   In  the  second  row  they  are  mosdy  pentagons. 
Their  coats  are  very  thin,  and  seem  transparent,  closely  con- 
nected with  each  other,  having  a  kind  of  loose  network  of 
•  tendinous  fibres,  passing  transversely  and  obliquely,  between 
-the  columns,  and  uniting  them  more  firmly  together.    These 
are  mostly  observable  where  the  large  trunks  of  the  nerves 
pstss.  The  columns  are  also  attached  by  strong  melastic  fibresi 
passing  directly  from  the  one  to  the  other. 

The  number  of  columns  in  different  torpedos  appeared  to 
.  be  about  470  in  each  organ ;  but  it  varies  according  to  the 
.  size  of  the  fish.  These  columns  increase,  both  in  size  and 
.number,  during  the  growth  of  the  animal :  new  ones  forming 
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^perhaps  every  year  on  the  e:ftterior  edges,  as  there  thetr  aie 
inuch  the  smallest.  This  process  maybe  similar  to  the  rorm* 
etion  of  new  teeth  in  the  human  jaw,  as  it  increases.  Each 
tM>lumn  is  divided  by  horizontal  partitions,  placed  over  each 
other,  at  very  small  distances,  and  forming  nmnerous  inter- 
stices, which  appear  to  contain  a  fluid.  These  partitioiis  con* 
8ist  o£  a  very  thin  membrane,  considerably  transparent.  Their 
edges  appear  to  be  attached  to  one  another,  and  the  whole  is 
attached  by  a  fine  cellular  membrane  to  the  inside  of  the 
columns.  They  are  not  totally  detached  from  one  another : 
I  have  found  them  adhering,  at  different  places^  by  blood- 
vessels passing  from  one  to  another. 

The  number  of  partitions  contained  in  a  column  of  one  inch 
in  length,  of  a  torpedo  which  had  been  preserved  in  proof- 
spirit,  appeared  on  a  careful  examination  to  be  150;  and  this 
number,  m  a  given  length  of  column,  appears  to  be  common 
to  all  sizes  in  the  same  state  of  humidity ;  for  by  drying 
them  they  may  be  greatly  altered :  whence  it  appears  pro- 
^ble  that  the  racrease  in  the  length  of  a  column,  during  the 
growth  of  the  animal,  does  not  enlarge  the  distance  between 
each  partition  in  proportion  to  that  growth ;  but  that  new 
partitions  are  formed,  and  added  to  the  extremity  of  the  column 
from  the  fascia. 

The  partitions  are  very  vascular :  the  arteries  are  branches 
.from  the  veins  of  the  gills,  which  convey  the  blood  that  has 
received  the  influence  of  respiration,  lliey  pass  along  yrith 
the  nerves  to  the  electric  organ,  and  enter  with  them ;  they 
then  ramify,  in  every  direction,  into  mnumerable  small  branches 
00  the  sides  of  the  columns,  sending  in  from  the  circumference 
'all  around,  on  each  partition,  small  arteries,  which  ramify  and 
anastomose  on  it;  and  passing  also  from  pne  partition  to 
another,  anastomose  with  the  vessels  of  the  adjacent  partitions. 
The  veins  of  the  electric  organ  pass  out,  dose  to  the  nerves, 
fmd  run  between  the  gills,  to  the  auricle  of  the  heart. 

The  nerves  inserted  into  each  electric  organ  arise  by  three 
very  large  trunks,  from  the  lateral  and  posterior  part  of  the 
bram.  The  first  of  these,  in  its  passage  outwards,  turns  round 
a  cartilage  of  the  cranium,  and  sends  a  few  branches  to  the 
first  gill,  and  to  the  anterior  part  of  the  head,  and  then  passes 
into  Sie  organ  towards  its  anterior  extremity.  The  second 
trunk  enters  the  gills  between  the  first  and  second  openings, 
and#  after  furnishing  it  with  small  branches,  passes  into  the 
organ  near  its  middle.  The  third  trunk,  afrer  leaving  the 
skull,  divides  into  two  branches,  which  pass  to  the  electric 
organ  through  the  gills ;  one  between  the  second  and  third 
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^ftenings,  the  other  between  the  third  and  fouith,  giving  small 
tooiches  to  the  gill  itself.  These  nerves,  having  entered  the 
iorgan%  ramify  in  every  direction,  between  the  columns,  and 
send  in  small  branches,  on  each  partition,  where  they  are  lost. 
The  magnitude  and  the  number  of  the  nerves  bestowed  on 
4iiese  oi^ans,  in  proportion  to  their  size,  must  on  reflection 
appear  as  extraordinary  as  the  phenomena  they  afford.  Nerves 
are  given  to  parts  either  for  sensation  or  action.  Now  if  we 
except  the  more  important  senses  of  seeing,  hearing,  smelling 
and  tasting  which  do  not  belong  to  the  electric  organs,  theie 
IS  no  part,  even  of  the  most  peifect  animal,  which,  in  proper* 
don  to  its  size,  is  so  liberally  supplied  with  nerves ;  nor  do 
diue  nerves  seem  necessary  for  any  sensation  which  can  be 
supposed  to  belong  to  the  electric  organs.  And  with  respect 
to  action,  there  is  no  part  of  any  animal  with  which  I  am 
acquainted,  however  strong  and  constant  its  natural  actions 
tnay  be,  which  has  so  great  proportion  of  nerves.  If  it  be 
4ben  probable,  that  those  nerves  are  not  necessarvfor  the 
tpiaposes  of  sensation  or  action,  may  we  not  conclude  that 
4hey  tare  subservi^it  to  the  formation,  collection,  or  manage* 
ment  of  the  electric  fluid ;  especially  as  it  aj^iears  evident, 
atom  Mr.  Walsh's  experiments,  that  the  will  of  the  animal 
^oes  absolutely  control  the  electric  powers  of  its  body;  which 
^must  depend  on  the  energy  of  the  nerves.  How  £ur  this  may 
be  oonnected  with  the  power  of  the  nerves  in  general,  or  how 
Gu-  it-may  lead  to  an  explanation  of  their  operations,  time  and 
future  discoveries  alone  can  fully  determine. 


(Xuavaikmt  en  tik  Solar  Spots.  By  Albkavdem  Wnswf^ 
M.D.  Anno  1774. 
'  AsTROK^MXas  will  remember,  that  a  spot  of  an  extraordi- 
aary  size  appeared  on  the  sim  in  Nov.  1769.  On  the  22d, 
Dr.  W^faad  a  view  of  the  sun  through  an  excellent  Gregorian 
ftdescope  of  26  mehes'  focus,  which  magnified  112  times. 
The  spot  was  not  far  from  the  sun's  western  limb^  and  below 
his  equatorial  diameter.  The  atmosphere  being  very  dear, 
and.  fm  from  all  tremor  and  undukutioa,  it  was  pleasant  to 
see  tiie  nucleus  of  the  spot,  and  the  shady  zone  or  umbra 
which  surrounded  it,  so  very  cUstinct. 

Next  day  he  again  saw  the  spot,  having  its  nucleus  and . 
umbra  very  sharply  defined.     He  now  found,  however,  a  re- 
markable chanse ;  for  the  umbra,  which  before  was  equally 
Ixroad  all  round  the  nucleus,  appeared  much  contracted  on 
that  part  which  Uy  towards  the  centre  of  the  disc,  while  the 
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o^ear  parts  ^f  it  reaiained  nearly  of  their  fbrmer  dimensions. 
This  diange  of  the  umbra  seemed  somewhat  extraordinary, 
fis  it  was  the  very  reverse  of  what  he  expected  from  the 
motion  of  the  spot  towards  the  limb. 

But  next  day  at  10  o'clock,  he  had  another  observation, 
^and  discovered  changes  which  were  still  more  unexpected. 
The  distance  of  the  spot  from  the  limb  was  now  about  24'^. 
By  this  time  the  contracted  side  oi  the  umbra  had  entirely 
vanished ;  and  the  figure  of  the  nucleus  was  now  remarkably 
changed,  firom  what  H  had  been  the  preceding  day.  TIhs 
iteration  of  the  fiffure  appeared  evidently  to  have  taken 
place  on  that  side  which  haa  now  lost  the  umbra,  the  br^uith 
•of  the  nucleus  being  thereby  more  suddenly  impaired  than  it 
ought  to  have  been,  by  the  motion  of  the  spot«cross  the  disc. 
'  One  of  two  thin^  seemed  necessarily  to  be  the  cause ; 
^ther,  they  were  owmg  to  some  physicEil  alteration  or  wasting 
of  the  spot,  and  of  that  part  of  it  where  the  deficiency  of  the 
umbra  was  observed ;  or  els^  thev  were  owing  to  the  neaner 
approach  of  the  spot,  to  the  Umb,  bv  the  sun's  rotation  on  hia 
axis.  The  last  or  these  two  ideas  had  no  sooner  strode  hinoy 
than  he  began  to  suspect  that  the  central  part,  or  nucleus  of 
this  spQl^  was  beneath  the  level  of  the  sun's  spherical  sur&oe ; 
imd  that  the  shacty  zone  or  umbra,  which  surrounded  it,  might 
be  nothing  else  but  the  shelving  sides  of  die  luminous  matter 
of  the  sun,  reaching  firom  his  sur&ce,  in  every  direction,  down 
to  the  nucleus :  for,  on  this  supposition,  he  perceived  that  a 
just  account  could  be  given  of  Uie  changes  <^  the  umbra^  and 
.of  the  figure  of  the  nucleus,  above  described. 

Being  thus  persuaded  of  the  depression  of  this  great  spot 
below  the  surface,  he  immediately  set  about  examinmg  sraidler 
oneo,  in  order  to  discover  if  they  were  of  the  same  kind. 
With  this  view,  he  began  a  course  of  observations,  that  from 
tiiem  he  might  eith^  make  the  inference  univ^val,  or  Innit  it, 
aa  the  phenomena  should  point  out.  Dr.  W.  was  not  long 
ei^aged  in  tiiis  pursuit,  before  he  peroei^  in  them  the  same 
diianges  of  their  umbrae  which  have  been  described  above. 
This  was  manifest  in  spots  of  any  considerable  siae,  when  the 
air  was  fiivouiabte,  and  the  tdes^ope  wdi  a4justed  fi^r  distinct 
vision.  In  general)  he  £&md  that  the  umbra  thus  changes, 
when  a  spot  is  i^out  a  miniite  distant  from  the  limb,  at  a 
medium.  From  aU\  these  observation^  may  we  not-  safely 
conclude,  that  every  spot  consisting  of  a  nudeus  and  surround- 
ing umbra  is  of  the  same  kind  with  those  above  described. 

It  appears,  theo,  that  the  solwr  spots  are  immense  excavations 
.in  the  body  of  the  sun ;  and  that  what  bitb^to  has  been  called 
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the  nucleus  is  the  bottom,  and  what  has  been  called  the 
umbra  the  sloping  sides  of  the  excavation,  It^  also  appears 
Chat  the  solar  matter,  at  the  depth  of  the  nucleus,  does  not 
€9nit  light,  or  emits  so  little,  as  to  appear  dark  compared  to 
that  resplendent  substance  at  the  sur&ce ;  that  this  beauteous 
substance  is  at  the  surface  most  fulgid  ;  and  when  any  of  it  is 
aeen  below  the  general  level,  forming  the  sides  dfan  excava- 
tion, that  then  its  lustre  is  somehow  impaired,  so  as  to  give 
tlie  appearance  of  a  surrounding  umbra. 

Many  curious  speculations  naturally  present  themselves. 
By  what  mysterious  process  is  it,  that  those  astonishing  exca* 
vations  are  at  first  produced  ?  What  is  the  nature  of  that 
shining  substance,  which  is  thereby  peq>etually  disturbed  ? 
To  wluit  are  we  to  ascribe  the  darkness  of  the  nucleus  and 
^e  diminished  lustre  of  the  umbra  ?  And  what  conceptions 
are  we  to  form  of  the  many  strange  changes,  and  at  length  of 
the  final  decay  of  all  these  appearances,  by  which  those  regions 
of  the  sun,  that  were  so  hurt  and  disfigured,  again  undergo 
a  renovation  ? 

Though  we  may  never  have  a  competent  notion  of  the 
nature  and  qualities  of  this  shining  and  resplendent  substanoe, 
•or  of  the  means  by  which  the  excavations  in  it  are  formed ; 
we  however  discover,  in  their  production,  the  agency  of  some 
mighty,  though  unknown  cause,  which  is  there  often  exerting 
itself.  Though  we  manifestly  behold  its  efibcts,  yet  the  mode 
of  its  operations  may  perhaps  remain  unseal*diable.  But  if 
^we  were  here  to  venture  a  conjecture,  might  we  not  suppose, 
that  the  luminous  matter  is  so  disturbed,  and  the  excavations 
in  it  occasioned,  by  the  working  of  some  sort  of  elastic  vapour, 
'  generated  withm  the  dark  globe  ?  And  might  not  this  elastic 
principle,  by  its  expansion,  swell  mto  such  a  volume,  as  to 
reach  up  to  the  surface  of  the  luminous  matter,  which  would 
thus  be  separated  and  laid  aside  in  all  directions  ? 

According  to  the  view  of  things  given  in  the  foregoing 
queries,  tliere  would  se^m  to  be  something  very  extraordinary 
in  the  dark  and  unignited  state  of  the  gr^^t  mtemal  globe  of 
the  sun.  Does  not  this  seem  to  indicate,  that  the  lumbous 
matter  which  encompasses  it  derives  not  its  splendour  from 
any  intensity  of  heat  ?  For  if  this  were  the  case^  would  not 
the  parts  underneath,  which  would  be  perpetually  in  contact 
with  that  glowing  matter,  be  heated  to  such  a  degree  as  to 
become  luminous  and  bright?  At  the  siune  time  it  must  be 
coi^essed,  that  though  the  internal  globe  was  in  reality  much 
ignited,  yet  when  any  part  Of  it,  Arming  the  nucleus  of  a 
•spot,  is  exposed  to  our  view,  and  is  seen  in  con^tition  with 
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a  substance  of  such  amazing  splendour,  it  is  no  wonder  that 
an  inferior  degree  of  light  should  in  these  drcumstances  be 
unperceivable. 

As  to  the  faculs,  or  brighter  parts  of  the  sun,  we  are  at  a  losa 
for  their  origin.  It  may  m  general  be  remarked,  that  though 
vre  haye  obtained  an  experimental  proof,  that  the  luminous 
matter  acquires  some  de^ee  of  shade,  when  forming  the  sides 
of  an  excavation,  yet  it  is  uncertain  if  this  be  merely  the  effect 
of  position,  and  much  more  so,  if  any  different  momfication  of 
position  could  ever  dispose  it  to  put  on  a  brighter  or  more 
lulgid  appearance.  Yet,  after  all,  may  not  these  &cuke,  &o. 
depend  on  some  irregularities  in  the  bright  surface  of  the 
sun  ?  For  may  not  the  luminous  matter,  b3r  bein^  agitated 
by  the  same  cause  to  which  the  spots  owe  their  origin,  though 
in  a  less  degree,  have  its  surface  perpetually  disturbed,  and 
made  irregular,  and  thus  give  occasion  to  a  variety  of  light  and 
dmde,  sufficient,  perhaps,  to  produce  the  phenomena  under 
consideration  ?  And  does  not  this  conjecture  receive  further 
confirmation,  when  we  consider,  that  these  fecuke,  &c.  are 
found  only  in  that  zodiac  within  which  the  spots  appear,  and 
that  they  always  abound  most  in  the  neighbourhood  of  the 
spots  themselves,  or  where  spots  recently  have  been  ?  For 
in  those  undisturbed  regions  of  the  sun  that  lie  towards  his 
poles,  and  where  no  spots  ever  appear,  we  never  discover  any 
diversity  of  appearance. 

Thus  Dr.  W.  has  endeavoured  to  give  a  general  idea  of  the 
production,  changes,  and  decay  of  the  solar  spots,  considered 
as  excavations  in  the  body  of  the  sun ;  a  thing  which  seems 
to  be  established  from  the  observations  described  in  the  first 
part  of  this  paper.  But  concerning  the  nature  of  that  mighty 
agency,  which  occasions  those  amazing  commotions  in  the 
luminous  matter,  or  concerning  the  density,  viscidity,  and 
other  qualities  of  this  matter,  or  the  manner  in  which  it  is 
disturbed  in  ihe  middle  zone  only,  and  not  at  the  polar  regions, 
and  many  such  other  Questions,  he  freely  confesses,  that  they 
far  surpass  his  knowleoge. 


r  and  ObserocOhns  on  ihe  Gymnohei  BlectrieiUy  or 
Electrical  EeL    By  Huge  Williamson^  M,D.  of  PM' 
ladelphia.  —  [1775.] 

A  SEA-FARINQ  nuui  brought  to  this  city  a  large  eel,  that 
had  been  caught  in  the  province  of  Guiana,  a  little  to  the 
westward  of  Surinam.  It  had  the  extraordinary  power  of 
communicating  a  painful  sensation,  like  that  of  an  electricd 
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shodc,  to  people  who  touched  it,  and  of  killing  Its  prey  at  a 
distance.  The  eel  was  three  feet  seven  inches  long,  and 
about  two  inches  thick  near  the  head.  On  a  transient  view 
it  resembled  one  of  our  common  eels  both  in  shape  and 
odour ;  but  its  head  was  flat,  and  its  mouth  wide,  like  that 
of  a  cat-fish,  without  teeth. 

On  touching  the  eel  with  one  hand,  Dr.  W.  perceived  such 
a  sensation  in  the  joints  of  his  fingers  as  he  received  on 
touching  a  prime  conductor  or  charged  phial,  when  no  circle 
was  formed  ;  or  such  as  he  had  received,  when  a  few  sparks 
of  the  electric  fluid  have  been  conveyed  tlirough  his  fingers 
ortly.  On  touching  the  eel  more  roughly,  he  perceived  a 
similar  eflect  in  his  wrist  and  elbow.  •  Touching  the  eel  with 
an  iron  rod,  12  inches  long,  he  perceived  the  like  sensation 
In  the  joints  of  the  thumb  and  fingers  with  which  he  held  the 
metal.  While  another  person  provoked  the  eel  by  touching 
it,  Dr.  W.  put  his  hand  into  the  water  at  the  distance  of  three 
feet,  and  ielt  such  a  sensation  in  the  joints  of  his  fingers  as 
when  he  had  touted  the  eel,  but  not  so  painful.  Some 
small  fishes  were  thrown  into  the  water  where  he  was  swim- 
ming ;  he  killed  them  immediately,  and  swallowed  them,  A 
cat-fish,  that  was  at  least  one  inch  and  a  half  thick,  was 
thrown  into  the  water  where  the  eel  was  swimming;  he  killed 
it  also,  and  attempted  to  swallow  it,  but  could  not.  To  dis- 
cover whether  the  eel  killed  those  fish  by  an  emission  of  the 
same  fluid  with  which  he  affected  the  hand  when  touched. 
Dr.  W.  put  his  hand  into  the  water,  at  some  distance  firom 
the  eel ;  another  cat-fish  was  thrown  into  the  water ;  the  eel 
9wam  up .  to  it,  but  presently  turned  away,  without  offering 
any  violence.  After  some  time  he  returned ;  when,  seeming 
to  view  it  for  a  few  seconds,  he  gave  it  a  shock,  by  which  it 
instantly  turned  up  its  belly,  and  continued  motionless ;  at 
that  very  instant  Dr.  W.  felt  such  a  sensation  in  the  joints  of 
his  fingers  as  in  the  former  experiment. 

A  great  variety  of  other  experiments  were  made  by  two 
persons,  one  touching  the  eel  near  its  head,  the  other  putting 
his  hand  into  the  water,  or  touching  it  near  the  tail,  forming 
a  communication  at  the  same  time  between  their  hands, 
wfaiph  were  out  of  the  water,  by  pieces  of  charcoal,  rods  of 
iron  or  brass,  a  piece  of  dry  wood,  glass,  silk,  &c.  The 
uniform  result  of  all  these  experiments  was,  that  whatever 
usually  conveys  the  electrical  fluid,  would  also  convey  the 
fluid  discharged  by  the  eel ;  and  vice  versa,  a  brass  chain, 
that  had  very  many  links  in  it,  would  not  convey  it,  unless 
when  the  shock  was  severe,  or  the  chain  tense* 
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From  the  sboYe  experiments  it  appears,  1.  That  the 
Cruiana  eel  has  the  power  of  communicating  a  painful  sensa- 
tion  to  animals  that  touch  or  come  near  it.  '  2.  That  this 
effect  depends  entirely  on  the  will  of  the  eel ;  that  it  has  the 
power  of  giving  a  small  shock,  a  severe  one,  or  none  at  all, 
just  as  circumstances  may  require.  3.  That  the  shock  given, 
or  the  painful  sensation  communicated,  depends  not  on  the 
musculiur  action  of  the  eel,  since  it  shocks  bodies  in  certain 
situations  at  a  great  distance ;  and  since  particular  substances 
only  will  convey  the  shock,  while  others,  equally  elastic  or 
hard,  refuse  to  convey  it.  4.  That  the  shock  must  therefore 
depend  on  some  fluid,  which  the  eel  discharges  from  its 
body.  5.  That  as  the  fluid  discharged  by  the  eel  affects  the 
same  parts  of  the  human  body  that  are  affected  by  the  electric 
fluid ;  as  it  excites  sensations  perfectly  similar ;  as  it  kills  or 
stims  animals  in  the  same  manner ;  as  it  is  conveyed  by  the 
same  bodies  that  convey  the  electric  fluid,  and  is  not  con- 
veyed by  other  bodies  that  do  not  convey  the  electric  fluid ; 
it  must  also  be  the  true  electrical  fluid  ;  and  the  shock  given 
by  this  eel  must  be  the  true  electrical  shock* 


An  Account  of  the  Gymnotus  Blectricus.  By  John  Hcnter^ 
F.E.S.  —  ims.'] 

This  flsh,  on  the  flrst  view,  appears  very  much  like  an  eel, 
from  whiqh  resemblance  it  has  most  probably  got  its  name ; 
but  it  has  none  of  the  specific  properties  of  that  fish.  This 
animal  may  be  considered,  both  anatomically  and  physio- 
logically, as  divided  into  two  parts ;  viz.  the  common  animal 
Mrt,  and  a  part  which  is  superadded,  viz.  the  peculiar  organ. 
The  first,  or  common  animal  part,  is  so  contrived  as  to  exceed 
what  was  necessary  for  itself,  in  order  to  give  situation, 
nourishment,  and  most  probably  the  peculiar  property  to  the 
second.  4r'  The  last  part,  or  peculiar  organ,  has  an  immediate 
connection  with  the  first ;  the  body  affording  it  a  situation ; 
the  heart,^nourishment ;  and  the  bram,  nerves,  and  probably 
its  peculiar  powers.  For  the  first  of  these  purposes,  the  body 
is  extended  out  in  length,  beine  much  longer  than  would  be 
sufficient  for  what  may  be  called  its  progressive  motion.  For 
the  real  bodpr,  or  that  part  where  the  viscera  and  parts  of 
generation  he,  is  situated,  with  respect  to  the  head,  as  in 
other  fish,  and  is  extremely  short ;  so  that,  according  to  the 
ordinary  proportions,  this  should  be  a  very  short  fish. 

The  organs  which  produce  the  peculiar  effect  of  this  fish, 
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constitute  nearly  one  half  of  that  part  of  the  flesh  in  which 
they  are  placed,  and  perhaps  make  more  than  one  thircl  of 
the  whole  animal.    There  are  two  pair  of  these  organs,  a 
larger  and  a  smaller ;  one  being  placed  on  each  side.     The 
large  pair  occupy  the  whole  lower  or  anterior,  and  also  the 
lateral  part  of  the  body,  mddng  the  thickness  of  the  fore  or 
lower  parts  of  the  animal,  and  run  almost  through  its  whole 
length ;  viz.  from  the  abdomen  to  near  the  end  of  the  taiL 
It  is  broadest  on  the  sides  of  the  fish  at  the  anterior  end, 
where  it  incloses  more  of  the  lateral  parts  of  the  body» 
becomes  narrower  towards  the  end  of  the  tail,  occupying  less 
and  less  of  the  sides  of  the  animid,  till  at  last  it  encU  almost 
in  a  point    These  two  organs  are  separated  from  one  another 
ait  the  upper  part,  by  the  muscles  of  the  back,  which  keep 
their  posterior  or  upper  edges  at  a  considerable  distance 
from  one  another ;  below  that,  and  towards  the  middle,  they 
are  separated  by  the  air-bag ;  and  at  their  lower  parts  they 
are  separated  by  the  middle  partition. 
^  The  small  organ  lies  along  the  lower  edge  of  the  animal, 
nearly  to  the  same  extent  as  the  other.    Its  situation  is 
marked  externally  by  the  muscles  which  move  the  fin  under 
which  it  lies.    Its  anterior  end  begins  nearly  m  the  same  line 
with  the  large  organ,  and  just  where  the  &  begins.    It  ter- 
minates almost  insensibly  near  the  end  of  the  tail,  where  the 
large  organ  also  terminates. 

The  structure  is  extremely  simple  and  regular,  consisting 
of  two  parts ;  viz.  flat  partitions  or  septa,  and  cross  divisions 
between  them.  The  outer  edge  of  these  septa  appear  ex- 
ternally m  parallel  lines  ne^ly  in  the  direction  of  the  longi- 
tudinal axis  of  the  body.  These  septa  are  thin  membranes, 
placed  nearly  parallel  to  one  another.  Their  lengths  are 
nearly  in  the  du'ection  of  the  long  axis,  and  their  breadth  la 
nearly  the  semidiameter  of  the  body  of  the  animal.  They 
are  of  different  lengths,  some  being  as  long  as  the  whole  o^n. 
Their  breadths  differ  in  different  parts  of  the  organ.  Iriey 
are  in  general  broadest  near  the  anterior  end,  answering  to 
the  thickest  part  of  the  organ,  and  become  gradually  narrower 
towards  the  tail,  however  they  are  very  narrow  at  their 
beginnings  or  anterior  ends.  Those  nearest  the  muscles  of 
the  back  are  the  broadest,  owing  to  their  curved  or  oblique 
situation  on  these  muscles,  and  get  gradually  narrower 
towards  the  lower  part,  which  is  in  a  great  measure  owing  to 
their  becoming  more  transverse,  and  also  to  the  organ 
becoming  thinner  at  that  place.    They  have  an  outer  and  an 
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inner  edge*  The  outer  is  attached  to  the  skin  of  the  animal, 
to  the  lateral  muscles  of  the  fin,  and  to  the  membrane  which 
divides  the  great  organ  from  the  small ;  and  the  whole  of 
their  inner  edges  are  fixed  to  the  middle  partition  formerly 
described,  also  to  the  air-bladder,  and  three  or  four  terminate 
on  that  surface  which  incloses  the  muscles  of  the  back. 
These  septa  are  at  the  greatest  distance  from  one  another  at 
their  exterior  edges  near  the  skin,  to  which  they  are  united ; 
and  as  they  pass  from  the  skin  towards  their  inner  attach- 
ments, they  approach  one  another.  The  distances  between 
these  septa  will  difiPer  \m  fishes  of  different  sizes.  In  a  lish  of 
two  feet  four  inches  in  length,  I  foimd  them  to  be  about  Jj  of 
an  inch  distant  from  one  another ;  and  the  breadth  of  the 
whole  organ,  at  the  broadest  part,  about  an  inch  and  a 
quarter,  in  which  space  were  34  septa.  The  smaU  organ  has 
the  same  kind  of  septa,  in  length  passing  from  end  to  end  of 
the  organ,  and  in  breadth  passing  quite  across:  they  run 
ftomewhat  serpentine,  not  exactly  in  stra^ht  lines.  They 
appear  to  be  so  close  as  even  to  touch.  In  an  inch  in  length 
there  are  about  240,  which  multiplies  the  surface  in  the  whole 
tc  a  vast  extent 

The  nerves  in  this  animal  may  be  divided  into  two  kinds ; 
the  first,  appropriated  to  the  general  purposes  of  life ;  the 
second,  for  the  management  of  this  peculiar  function,  and 
very  probably  for  its  existence.  They  arise  in  general  from 
the  brain  and  medulla  spinalis,  as  in  other  fish ;  but  those 
from  the  medulla  are  much  larger  than  in  fish  of  equal  size, 
and  larger  than  is  necessary  for  the  common  operations  of 
life.  The  nerve  which  arises  from  the  brain,  and  passes  down 
the  whole  length  of  the  animal  (which  I  believe  exists  in  all 
fish),  is  larger  in  this  than  in  others  of  the  same  size,  and 
passes  nearer  the  spine.  This  nerve  is  as  singular  an  appear- 
ance, as  any  in  this  dass  of  animals ;  for  surely  it  must  appear 
extraordinary,  that  a  nerve  should  arise  from  the  brain  to  be 
lost  in  common  parts,  while  there  is  a  medulla  spinalis  giving 
nerves  to  the  same  parts.  It  must  still  remain  one  of  the 
inexplicable  circumstances  of  the  nervous  system.  In  this 
fish,  as  well  as  in  the  torpedo,  the  nerves  which  supply  the 
organ  are  much  larger  than  those  bestowed  on  any  other  part 
for  the  purposes  of  sensation  and  action;  but  it  appears  to 
me,  that  the  organ  of  the  torpedo  is  supi^ed  with  much  the 
largest  proportion. 

The  engraving  is  a  section  of  the  whole  thickness  of  the  fish 
near  the  upper  part.    The  skin. is  removed  as  far  back  as  the 

X 
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posterior  edge  of  the  orgmi,  and  the  other  pants  immediatdj 
belonging  to  it,  such  as  the  .-ht^v 
medulla  spinalis.  There  are^^;^^>^^ 
several  pieces  or  sections  tatoi  fi^  '^^^j^ 
out  of  the  organ,  which  ex-  ^p^^ife^^f 
yfose  every  thing  that  has  any  Vf^r^^| 
relation  to  it.  At  the  upper 
and  lower  ends  of  the  figure 
FF,  the  organ  is  entire,  the 
skin  otily  being  removed. 
A  A,  the  body  of  the  animal, 
near  the  back,  covered  by  the 
skin;  BB,  the  belly-fin,  cover- 
ed also  by  the  skin ;  C,  part 
of  the  skin  removed  from  the 
organ,  and  turned  back;  DD, 
the  muscles  which  move  the 
fin  laterally,  and  which  im- 
mediately cover  the  small 
organ ;  E,  the  middle  musdes 
of  the  ^n,  which  lie  imme- 
diately between  the  two  small 
organs ;  FF,  the  outer  surface 
of  the  large  organ,  as  it  appears  when  the  skin  is  removed ; 
G,  the  small  organ,  as  it  appears  when  the  lateral  musdes 
are  removed ;  H  H,  the  cut  ends  of  the  muscles  of  the  back, 
which  have  been  removed  to  expose  the  deeper-seated  parts'; 
1 1,  the  cut  ends  of  the  large  organ,  part  of  which  has  also 
been  removed,  to  expose  the  deeper-seated  parts ;  K,  the  cut 
end  of  the  small  organ ;  L,  a  part  of  the  large  organ,  the  rest 
having  been  removed ;  M,  the  cut  end  of  the  above  section ; 
N,  a  section  of  the  small  organ ;  00,  the  middle  partitiovt 
which  divides  the  two  large  oipms;  P,  a  &tty  membrane, 
which  divides  the  large  organ  ^om  the  unall ;  Q,  the  air- 
bladder  ;  R,  the  nerves  going  to  the  organ ;  S,  the  medulla 
spinalis ;  T,  the  singular  nerve. 


Observations  made  an  the  ^fountain  SchMtUen^  far  findivig 
F.ILS.  and  Astronomer  RayaL  —  [1775.] 


its  Attraction,     By  ike  JRev.  Nevil  Maskelyne,  B. 


A  COMMITTEE  was  appointed,  of  which  number  I  was  one, 
to  consider  of  a  proper  hill  on  whidi  to  try  the  experiment, 
and  to  prepare  every  thing  necessary  for  carrying  die  design 
into  execution. 
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Perthshire  afforded  a  remarkable  hill,  nearly  in  the  centre 
of  Scotland,  of  sufficient  height,  tolerably  detached  from 
other  hills,  and  considerably  larger  from  east  to  wesc  than 
firom  north  to  south,  called  by  the  people  of  the  low  country 
Maiden-pap,  but  by  the  neighbourmg  inhabitants,  Schehallien. 

The  quantity  of  attraction  of  the  hill,  the  grand  point  to  be 
-determined,  is  measured  by  the  deviation  of  the  plumb-line 
irom  the  perpendicular,  occasioned  by  the  attraction  of  the 
hill,  or  by  the  angle  contamed  between  the  actual  perpendi- 
cular and  that  which  would  have  obtained  if  the  hill  had 
been  away.  On  the  south  side  of  the  hill,  the  plumb-line 
being  carried  northward  at  its  lower  extremity  will  occasion 
the  apparent  zenith,  which  is  in  the  direction  of  the  plumb- 
ijne,  continued  backwards,  to  be  carried  southward,  and  con- 
sequently to  approach  the  equator;  and,  therefore,  the  latitude 
of  the  place  wifi  appear  too  small  by  the  quantity  of  the  at- 
traction, the  distance  of  the  equator  from  the  zenith  being 
equal  to  the  latitude  of  the  place.  The  contrary  happens  on 
the  north  side  of  the  hill ;  the  lower  extremity  of  the  plumb- 
line  being  there  carried  southward,  will  occasion  the  apparent 
zenith  to  be  carried  northward,  or  from  the  equator,  and  the 
latitude  of  the  place  wiU  appear  too  great  by  the  quantity  of 
the  attraction.  Thus  the  less  latitude  appearing  too  small 
by  the  attraction  on  the  south  side,  and  the  greater  latitude 
appearing  too  great  by  the  attraction  on  the  north  side, 
the  difference  of  the  latitudes  will  appear  too  great  by  the 
sum  of  the  two  contrary  attractions ;  if,  therefore,  there  is  an 
attraction  of  die  hill,  the  difference  (Platitude  by  the  celestial 
observations  ought  to  come  out  greater  than  what  answers 
to  the  distance  of  the  two  stations  measured  trigonometri- 
eally,  according  to  the  length  of  a  degree  of  latitude  in  that 
paraUel,  and  the  observed  difference  of  latitude  subtracted 
Irora  the  difference  of  latitude  inferred  from  the  terrestrial 
operations,  will  give  the  sum  of  the  two  contrary  attractions 
of  the  hfll.  To  ascertain  the  distance  between  the  parallels 
of  latitude  passing  through  the  two  stations  on  contrary  sides 
of  the  hill,  a  base  must  be  measured  in  some  level  spot 
near  the  hill,  and  connected  with  the  two  stations  by  a 
chain  of  triangles,  the  direction  of  whose  sides,  with  re- 
spect to  the  meridian,  should  be  settled  by  astronomical 
observations. 

Thus  there  were  three  principal  operations  requisite  to  be 
formed:  1.  To  find  by  celestial  observations  the  apparent 
difference  of  latitude  between  the  two  stations,  chosen  on  the 
north  and  south  sides .  of  the  hill.    2.  To  find  the  dist^ce 
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betw^een  the  parallels  of  latitude.    3.  To  determine  the  figure 
and  dimensions  of  the  hill.  '  « 

By  the  calculation  of  two  triangles,  formed  by  tlie  two 
cairns  and  the  two  stations  of  the  observatory,  the  distance 
between  the  parallels  of  latitude  passing  through  the  two 
stations  on  each  side  the  hill  comes  out  4364.4  feet,  which, 
according  to  M.  Bouguer's  table  of  the  length  of  a  degree  in 
this  latitude  of  56°  40',  at  the  rate  of  101.64  English  feet  to 
one  second,  answers  to  an  arc  of  the  meridian  of  42^.94. 
The  other  series  of  triangles  carried  across  the  hill  gives  the 
same  distance  of  the  parallels  only  10  feet  less,  and,  conse- 
quently,  the  arc  of  the  meridian  only  -A^  of  a  second  less. 
Thus  the  difference  of  latitude  found  by  the  astronomical  ob- 
servations comes  out  greater  than  the  difference  of  latitude 
answering  to  the  distance  of  the  parallels,  the  former  being 
54'^6,  the  latter  only  42".94.  The  difference  1 1^6  is  to  be  at- 
tributed to  the  sum  of  the  two  contrary  attractions  of  the  hilL 

The  attraction  of  the  hill,  computed  in  a  rough  manner,  on 
the  supposition  of  its  density  being  equal  to  the  mean  density 
of  the  earth,  and  the  force  of  attraction  being  inversely  as 
the  square  of  the  distances,  comes  out  about  double  this. 
Whence  it  should  follow,  that  the  density  of  the  hill  is  about 
half  the  mean  density  of  the  earth. 


Account  of  a  Woman  in  the  Shire  of  Ross  Uoing  without  Food 
,  or  Drink.  By  Dr.  Mackenzis.  —  [1777.] 
Janet  M'Leod,  unmarried,  aged  33  years  and  some 
months,  daughter  of  Donald  M^Leod,  of  ]&incardine,  Ross- 
shire  ;  in  the  15th  year  of  her  age  had  a  pretty  sharp  epileptic 
fit ;  she  had  till  then  been  in  perfect  health,  and  continued 
so  till  about  four  years  after,  when  she  had  a  second  fit, 
which  lasted  a  day  and  night ;  and  a  i&w  days  afterwards, 
she  was  seized  with  a  fever  of  several  weeks  continuance, 
from  which  she  had  a  very  tedious  recovery  of  several 
months.  She  took  to  her  bed,  complaining  much  of  her 
heart  and  head;  and  afterwards  she  never  rose  out  of  it 
except  when  lifted,  seldom  spoke  a  word,  and  had  so  little 
cravmg  for  food,  that  at  first  her  parents  could  only  by  com* 
pulsion  get  her  to  take  as  ipuch  as  would  support  a  sucking 
mfant:  afterwards  she  gradudhr.icll  off  from  taking  even 
that  small  quantity;  so  that,  at  WhiUuntide,  1763,  she  totally 
refused  food  and  drink,  and  her  Jaw  became  so  fast  locked, 
that  it  was  with  the  greatest  difficulty  her  father  was  able 
with  a  knife  or  other  methods  to  open  her  teeth  so  as  to 
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admit  a  little  thin  gruel  or  whey,  and  of  which  so  much 
generally  ran  out  at  the  comers  of  her  mouth,  that  they 
could  not  be  sensible  that  any  of  it  had  been  swallowed. 

About  this  time,  they  got  a  bottle  of  the  water  from  a 
medicinal  spring  in  Brea-mer,  of  which  they  endeavoured  to 
get  her  to  swallow  a  part,  by  pouring  some  out  of  a  spoon 
between  her  lips,  her  jaws  all  tne  while  fast  locked,  but  it  aU 
ran  out.  With  this,  however,  they  rubbed  her  throat  and 
jawsy  and  continued  the  trial  to  make  her  swallow,  rubbing 
her  throat  with  the  water  that  ran  out  of  her  mouth  for 
three  mornings  together.  On  the  third  morning,  during  this 
C^ration,  she  cried,  **  Give  me  more  water;"  when  all  that 
i^emained  of  the  bottle  was  given  her,  which  she  swallowed 
with  ease.  These  were  the  only  words  she  spoke  for  almost 
a  year,  and  she  continued  to  mutter  some  more  for  12  or  14 
days,  after  which  she  did  not  speak,  and  rejected,  as  for- 
merly, all  sorts  of  nourishment  and  drink,  till  July,  1765, 
when  a  sister  of  hers  thought,  by  some  signs  she  made,  that 
she  wanted  her  jaws  opened ;  which  her  father  effected  by 
putting  the  himdle  of  a  horn-spoon  between  her  teeth.  She 
said  then,  intelligibly,  "  Give  nfe  a  drink ;"  and  drank  at  one 
draught  about  a  pint  of  water.  Her  father  then  asked  her, 
^^  Why  she  would  not  make  some  signs,  though  she  could  not 
speak,  when  she  wanted  a  drink?"  She  answered,  <<  Why 
4Brhould  she,  when  she  had  no  desire?"  At  this  period  they 
kept  the  jaws  asunder  with  a  bit  of  wood,  imagining  she  got 
her  speech  by  her  jaws  being  opened,  and  continued  them 
thus  wedged  about  20  days,  though  in  the  first  four  or  five 
days  she  had  wholly  lost  the  power  of  utterance.  At  last 
they  removed  the  wedge,  as  it  made  her  lips  sore.  At  this 
time  she  was^  sensible  of  every  thing  done  or  said  about  her; 
and  when  her  eye-lids  were  opened  for  her,  she  knew  every 
-body ;  and  when  the  neighbours  in  their  visits  lamented  her 
condition,  they  could  observe  a  tear  stand  in  her  eye. 

The  situation  and  i^pearances  of  the  patient  were  carefully 
examined  the  21st  of  October,  1767,  by  Dr.  M.,  who  likewise, 
in  October,  1772,  being  informed  that  the  patient  was  re- 
covering, visited  her,  and  found  her  condition  to  be  as  follows : 
About  a  year  preceding  this  last  date,  her  parents  one  day 
returning  from  their  country  labours  (having  left  their 
daughter,  as  for  some  years  before,  fixed  to  her  bed,)  were 
•greatly  surprised  to  find  her  sittmg  on  her  hams,  on  the  side 
of  the  house  m)posite  to  her  bed-place,  spinning  with  her 
mother's  distam  Dr.  M.  asked,  whether  she  ever  ate  or 
drank?  whether  she  had  any  of  the  natural  evacuations? 
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Tirhether  she  ever  spoke  or  attempted  to  8p9ak  ?  -And  was 
ansvrered,  that  she  sometimes  crumbled  a  bit  of  oat  or  barley 
cake  in  the  palm  of  her  hand,  as  if  to  feed  a  diicken  ;  that 
she  put  little  crmnbs  of  this  into  the  gap  of  her  teeth,  rolled 
them  about  for  some  time  in  her  mouth,  and  then  sucked  out 
of  the  palm  of  her  hand  a  little  water,  whey,  or  milk ;  and 
this,  once  or  twice  a  day,  and  even  that  by  compulsioa :  that 
the  egesta  were  in  proportion  to  the  ingesta ;  that  she  never 
attempted  to  speak ;  that  her  jaws  were  still  fast  lodged,  her 
hamstrings  tight  as  before,  and  her  eyes  shut.  On  opening 
her  eye-lids  Dr,  M.  found  the  eye-balls  turned  up  under  the 
edge  a£  the  os  frontis:  her  countenance  was  ghastly,  her  com- 
plexion pale,  her  skin  shrivelled  and  dry,  and  her  whole  per- 
son rather  emaciated ;  her  pulse  with  the  utmost  difficult 
to  be  felt.  She  seemed  sensible  and  tractable  in  every  things 
except  in  taking  food ;  for,  at  his  request,  she  went  throu^ 
her  different  exercises^  spinning  on  the  distaff,  and  crawling 
about  on  her  hams ;  by  the  wall  of  the  house,  with  the  hdp 
of  her  hands;  but  when  desired  to  eat,  she  showed  the 
greatest  reluctance,  and  indeed  cried  before  she  yielded ;  and 
this  was  no  more  than,  as  he  had  said,  to  take  a  few  crumbs^ 
enough 'to -feed  a  bird,  and  to  suck  half  a  spoonful  of  milk  from 
the  palm  of  her  hand.  "On  the  whole,  her  existence  was 
little  less  wonderful  at  this  time  than  when  he  first  saw  her» 
when  she  had  not  swallowed  the  smallest  particle  oi  food  for 
years  together. 

Of  Persona  who  could  not  distinguish  Colour0.    Bj^  Mr.  J» 

ITUDDAMT. —  [1777-3 

The  chief  subject  of  this  paper  was  one  Harris,  who  lived 
at  Mary-port,  in  Cumberland,  near  which  place,  yiz.  at  Allonby, 
Mr.  Huddart  lived.  Mr.  H.  had  often  heard  from  oth^s 
that  Harris  could  discern  the  form  and  magnitude  of  all  ob- 
jects very  distinctly,  but  could  not  distingubh  colours  This 
report  having  excited  Mr.  H.'s  curiosity  he  conversed  with 
him  frequendy  on  the  subject.  The  account  he  gave  was  this : 
that  he  had  reason  to  beheve  other  persons  saw^  something  in 
objects  which  he  could  not  see ;  that,  their  langu^e  seemed 
to  mark  qualities  with  confidence  and  precision,  which  he 
could  only  guess  at  with  hesitation,  and  frequently  with  error. 
His  first  suspicion  of  this  arose  when  he  was  about  four  years 
old.  Having  by  accident  found  in  the  street  a  child's  stock- 
ing, he  carried  it  to  a  neighbouring  house  to  enquire  for  the 
owner :  he  observed  the  people  called  it  a  red  stocking,  though 
he  did  not  understand  why  they  gave  it  that  denomination,  as 
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he  himself  thought  it  completely  described  by  being  called  a 
stocking*  .  The  circumstance,  however,  remained  in  his  me- 
mory, and  with  other  subctequent  observations  led  him  to  the 
knowledge  of  his  defect.  He  observed,  also,  that,  when  young, 
other  children  could  discern  cherries  on  a  tree  by  some  pre-, 
tended  difference  of  colour,  though  he  could  only  distinguish' 
them  from  tlie  leaves  by  their  difierence  of  size  and  shape. 
He  noticed,  too,  that  by  means  of  this  difference  of  colour 
they  could  see  the  cherries  at  a  greater  distance  than  he 
could,  though  he  could  see  other  objects  at  as  great  a  dis- 
tance as  they ;  that  is,  where  the  sight  was  not  assisted  by 
the  colour.  Large  olsjects  he  could  s^e  as  well  as  other 
persons ;  and  even  the  smaller  ones  if  they  were  not  enreloped 
in  other  things,  as  In  the  case  of  cherries  among  the  leaves. 

Mr.  H.  believes  he  could  never  do  more  than  guess  the 
name  of  any  cokmr ;  yet  he  could  distinguish  white  from  blacky 
or  black  from  any  light  or  bright  colour.  Dove  or  straw- 
colour  he  called  white,  and  different  colours  he  frequently  called 
by  the  same  name ;  yet  he  could  discern  a  difference  between 
them  when  placed  together.  In  general,  colours  of  an  equal. 
degree  of  brightness^  however  they  might  otherwise  differ, 
he  ft^quently  confounded  together.  Yet  a  striped  ribaind  he 
could  distinguish  lirom  a  plain  one ;  but  he  could  not  tell  what 
the  colours  were  with  jmy  tolerable  exactness.  Dark  colours 
In  general  he  often  mistook  for  black,  but  never  imagined 
white  to  be  a  dark  colour,  nor  a  dark  to  be  a  white  colour. 

He  had  two  brothers  in  the  same  circumstances  as  to  sight. 

Of  the  Jleaif  S^e.  rf  Ammak  and  VegetaUes.  By  Mr,  J. 
HuxTSB,  F.  R.  S.—  [1778.3 

It  plainly  appears,  that  the  living  principle  vrill  not  allow 
the  heat  of  animals  to  shik  much  lower  than  the  freezing  point, 
though  the  surrounding  atmosphere  be  much  colder,  and  that 
in  sud>  a  litate  they  cmmot  support  life  long ;  but  it  may  be 
observed,  that  most  vegetables  of  every  country  can  sustain 
the  cold  of  their  climate.  In  very  cold  regions,  as  in  the 
more  northern  parts  of  Americat  where  the  thermometer  is 
often  50^  below  0,  where  {people's  feet  are  known  to  fre^e 
and  their  noses  to  drop  off  if  great  care  be  not  taken,  yet  the 
spruce-fir,  birph,  juniper,  &c  are  not  affected* 

Yet  that  vegetables  can  be  affected  by  cold  daily  experience 

evinces ;  for  the  vegetables  of  every  country  are  arocted  if 

the  season  be  more  than  ordinarily  cold  for  that  country,  and 

some  more  than  othara;  for  in  the  cold  climates  dbove 

.  mentioned,  the  life  of  the  vegetable  is  often  obliged  to  give 
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way  to  the  cold  of  the  country :  a  tree  shall  die  by  the  cdd^ 
then  freeze  and  split  into  a  great  number  of  pieces,  and  in  so 
doing  produce  considerable  noise,  giving  loud  cracks  which 
are  often  heard  at  a  great  distance. 

.  Afler  having  endeavoured  to  find  out  the  comparative  heat 
between  vegetables  and  the  atmosphere,  when  the  vegetables 
were  in  action,  I  next  made  my  experiments  on  th^  when 
they  were  in  the  passive  life.  As  the  difference  was  yery 
little  when  in  their  most  active  state,  I  could  expect  but  very 
little  when  the  powers  of  the  plant  were  at  rest.^  From 
experiment  on  the  more  imperfect  classes  of  animals  it  plainly 
appears,  that  though  they  do  not  resist  the  effects  of  extreme 
cold,  tiU  they  are  brought  to  the  freezii^  point,  they  then 
appear  to  have  the  power  of  resisting  it,  and  of  not  allowing 
their  cold  to  be  brought  much  lower.  To  see  how  fiur  y^e- 
tables  are  similar  to  those  animals  in  this  respect,  I  made 
several  experiments:  I  however  suspected  them  not  to  be 
similar,  because  such  animals  will  die  m  a  cold  in  which  vege- . 
tables  live;  I  therefore  supposed  that  there  is  some  other 
principle.  I  did  not  confine  these  experiments  to  the  walput- 
tree,  but  made  similar  ones  on  several  trees  of  different  kinds^ 
as  pines,  yews,  poplars,  &c.  to  see  what  was  the  difference  in 
different  kinds  of  trees.  The  difference  proved  not  to  be 
great,  not  above  a  degree  or  two  2  however,  thb  difference, 
though  small,  shows  a  principle  in  life,  all  other  things  being 
equal ;  for  as  the  same  experiments  were  made  on  a  dead 
tree,  which  stood  with  its  roots  in  the  ground,  similar  to  the 
living  ones,  they  became  more  conclusive. 

For  the  sake  of  brevity,  I  have  drawn  up  my  experiments, 
which  were  made  on  dSerent  trees,  into  two  tables,  as  they 
were  made  at  two  different  degrees  of  heat  of  the  atmo* 
sphere,  including  those  made  in  the  time  of  the  very  hard  frost 
in  the  winter  of  1775-6.    Jhey  were  as  follow :  — 

,1.  The  Atmosphere  ai  Q9P.        2.  The  Atmosphere  at  97^. 
Names.  Heat.  Names.  Htat. 

Carol,  poplar  - 

Engl,  poplar  - 

Orien.  plane  - 
•  Occid.  plane  - 

Carol,  plane   - 

Birch      . 

Scotch  fir 

Cedar  Libanon 

Arbutus 


29i» 

Spruce  fir      -      -    82» 

29k 

Scotch  fir     -        -  .  28 

SO 

Sflverfir     -         -    30 

SO 

Weymouth  fir      -    SO 

SO 

Yew         -            -    80 

29i 

Holly         -          -    SO 

«8i 
284 

Plumb-tree           -    SI  J 

Dead  cedar          -    29 

SO 

Ground  under  snow  S4 
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JTie  Farce  of  fired,  OunpowdeTf  and  the  kMal  VdoeiHes  <^ 

Ca$mon   Bails,    deiermwed   fy  Eseperiments,     By  Mr. 

Charles  Button,  F.B.S.  —  [177a] 

The  intention  of  the  experiment  is  to  discover  the  actual 
velocity  with  which  a  ball  issues  from  a  piece,  in  the  usual 
practice  of  artillery^  This  velocity  is  very  great ;  from  1000 
to  2000  feet  in  a  second  of  time.  For  conveniently  esti- 
mating so  great  a  velocity,  the  first  thing  necessary  is  to  re- 
duce it,  in  some  known  proportion,  to  a  small  one.  This  wei 
may  conceive  to  be  effected  thus :  Suppose  the  ball,  with  a 
great  velocity,  to  strike  some  very  heavy  body,  as  a  large 
block  of  wood,  from  which  it  will  not  rebound,  so  that  they 
may  proceed  forward  together  after  the  stroke.  By  this 
means  it  is  obvious,  that  the  ori^al  velocity  of  the  ball  may 
be  reduced  in  any  proportion,  or  to  any  slow  velocity,  which 
may  conveniently  be  measured,  by  malong  the  body  struck  to 
be  sufficiently  Im'ge;  for  it  is  well  known,  that  the  common 
velocity,  with  which  the  ball  and  block  of  wood  would  move 
forward  after  the  stroke,  bears  to  the  original  velocity  of  the 
ball  only  the  same  ratio  which  the  weight  of  the  ball  has  to 
that  of  the  ball  and  block  together.  Thus,  then,  velocities  of 
1000  feet  in  a  second  are  easily  reduced  to  those  of  two  or 
three  feet  only ;  which  small  velocity  being  measured  by  any 
convenient  means,  then  the  number  denoting  it  being  in- 
creased in  the  proportion  of  the  weight  of  the  ball  to  the 
weight  of  the  bsul  and  block  together,  the  original  velocity  of 
the  ball  itself  will  thus  be  obtained. 

The  number  of  rounds  or  shot  was  eight,  and  the  circum^ 
stances  and  results  as  exhibited  m  the  following  table :  — 

Weight  of  Diam.  of  Velocity 

powder.  the  ball.  per  sec. 

Oz.  Inches*  Feet. 

2  1.98  458 

2  1.98  631 

2  1.98  650 

2  1.97  646 

2  1.97  604  i 

2  1.96  598 

4  1.97  881 

4  1.96  950 

The  second  course  was  performed  on  the  3d  of  June,  1775, 
which  was  a  clear,  dry  day?  but  windy. 
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Weight  of 

AJtMBL  oi 

Velochy 

powder. 

tbefwll. 

p«r«c. 

Of. 

Indies. 

Feet. 

8 

2.08 

800 

2 

2.08 

lOOS 

.    2 

2.08 

9^ 

2 

2.08 

767 

2 

2X)8 

731 

It  is  very  remarkable,  that  in  the  experimentrof  this  day, 
the  mean  velocity  with  two  ounces  of  powder,  is  97S,  whereas  it 
was  no  more  than  626  in  the  former  day  with  flie  same  quan- 
tity of  powder,  though  the  balls  were  heavier  with  the  greater 
velocity,  in  the  ratio  of  19  to  17  nearly. 

The  third  course  was  made  on  the  12th  of  June,  1775,  being 
a  clea^,  dry,  and  calm  day. 

Weight  of         Diom.  of  Velocity 

powder.  the  balL  per  gee. 

Oz.  Indies.  Feet. 

2  2.080  700 

2  2.0S6  799 

2  2.0*5  715 

4  2.062  880 

4  2.036  1163 

4  2.045  1087 

Here  the  common  mean  weight  of  the  ball  is  Idf  ounces, 
the  mean  velocity  with  two  ounces  of  powder  is  738,  and  that 
with  four  ounces  of  powder  is  1043  feet  per  second.  The 
ratio  of  these  two  velocities  is  that  of  1  to  1.414 ;  that  is, 
accurately  the  ratio  of  the  square  roots  of  the  quantities  of 
powder. 

An  Account^ a  remarkable  If^t&fection  cf  Sight,    In  a 
L^erfrom  J.  Scott.  —  [1778.] 

I  AM  very  willing  to  inform  you  of  my  inability  concerning 
colours,  as  mr  as  I  am  able  from  my  own  common  observation. 
I  will  now  inform  you  what  colours  I  have  the  least  knowledge 
o£  I  do  not  know  any  green  in  the  world ;  a  pink  colour  and 
a  pale  blue  are  alike,  I  do  not  know  one  from  the  other.  A 
full  red  and  a  full  green  the  same,  I  have  often  thought  them 
a  good  match ;  but  yellows,  light,  dark,  and  middle,  and  all 
degrees  of  blue,  except  those  very  pale,  oommonlv  called 
sk}',  I  know  perfectly  well,  and  can  discern  a  deficiency,  in 
any  of  those  colours,  to  a  particular  nicety;  a  full. purple 
and  deep  blue  sometimes  baffle  roe.  ^        , 
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4Jbt  Account  rf  dm  Calculations  made  frdm  Ae  Surv^  and 
Measures  taken  at  SchihaUkn,  i»  4irder  io  ascertain  the 
Mean  Density  of  the  Earth*    Bp  Cjsjrlss  Huttqn,  Esq* 

Thb  effect  c€  the  attraction  at  the  northern  observatovy 
was  to  that  at  the  southern  one  nearly  as  70  is  to  SS^  or  as- 
7  to  9  nearly.  This  difference  is  to  be  attributed  chiefly  to 
the  effect  ^  the  hills  on  the  sou^th  of  the  southern  observ* 
atory,  which  w^e  considerably  greater  and  nearer  to  it  than. 
those  on  the  back  of  the  ncartli^  observatory. 

In  order  now  to  compare  tUs  attraction  with  that  of  the 
whole  earth,  this  body  may  be  eonsidered  as  a  sphere,  imd 
the  observatories  as  placed  at  its  sur&ce ;  »nce  the  very 
small  differ^ices  of  these  suppositions  from  the  truth  are  of 
no  consequence  at  all  in  this  comparison*  Now  the  attrae* 
tion  of  a  sphere,  on  a  body  at  Hs  sur&ce,  is  Jmown  to  be  =  ^  cdy 
where  if  is  ss  die  diameter  of  the  sphere,  and  c  =s  3.141S  s 
the  circumference  of  the  circle  of  which  the  diameter  is  }«. 
6ut«£?  is  s?  the  circiunference  of  the  circle  to  the  diameter. 
d;  and,  therefore,  the  attraction  of  a  sphere  will  be  expressed 
by  barely  f  of  its  carcuroference ;  which  is  a  theorem  well 
aoapted  to  the  present  computation.  The  length  <^  a  d^ee 
in  the  mean  latitude  of  45^  is  57028  French  toises;  and 
the  same  result  nearly  is  obtained  by  taking  a  mean  among 
all  the  measures  of  di^ees  there  set  down,  that  mean  bein^ 
57038  toises.  Mr.  H.  therefore  uses  the  round  number 
57030  as  probably  nearer  the  truth.  This  number  being 
multiplied  by  6,  the  product  342180  shows  the  number  of 
French  feet  in  one  degree ;  but  the  lengths  of  the  Paris  and 
London  feet  are  as  76.734  to  72,  that  is,  as  4.263  to  4 ;  there* 
fore,  as  4  :  4.263  : :  342180  :  364678  =  the  Ekiglish  feet  in 
one  degree;  and  this  being  multiplied  by  360,  the  whole 
number  of  d^rees,  there  results  131284080  feet  for  the 
whole  circumference,  which  are  equal  to  S48g4^  miles* 
making  69  j^  to  a  degree  in  the  mean  latitude.  I^istly,  f  of 
131284080  give  87522720  for  the  measure  of  the  attractioD 
of  the  whole  earth. 

ConsequenlJy,  the  whole  attraction  of  the  earth  is  to  the 
sum  of  the  two  contrary  attractions  of  the  hill  as  the  num* 
ber  87522720  to  881  If,  that  is,  as  9933  to  1  very  newly*  on 
supposition  that  the  density  of  the  matter  in  the  nill  is  equal 
to  the  mean  density  of  that  in  Uie  whole  earth. 

But  the  Astronomer  Boyal  found*  by  his  observations,  that 
the  suni  of  tbe  deviations  of  the  plumb-line,  produced  by  the 
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tiro  oontmy  attiactknu,  wig  11.6  seconds.  Hencey  then^.k 
18  to  be  inferred,  that  the  attraction  of  Uie  earth  is  actuaOy 
to  the  sum  of  die  attractions  of  the  hill  nearly  as  radius  to 
the  tangent  of  11.6  seconds,  that  i^  as  1  to  MOQ5GS39i  or 
as  17781  to  1 ;  or  as  178M  to  1  neailj,  after  allowing  for 
the  cesktnSdgei  force  arising  from  the  rotation  of  the  earth 
aboat  its  axis. 

V  Having  now  obtained  the  two  results,  namely,  that  wliidi 
arises  from  the  actual  observations,  and  that  belonging  to  the 
computation,  on  die  supposition  of  an  equied  density  in  the 
two  bodies,  the  two  proportions  compared  must  give  the 
ratio  of  their  densities,  which  is  thatof  178M  to  9983,  or 
1454  to  800  nearly,  or  ahnost  as  9  to  5.  And  so  much  does 
the  mean  denn^  of  the  earth  exceed  that  of  the  hilL 

It  appears  not  unreasonable  to  suppose  the  mean  specific 
gnnity  of  the  mountain  to  be  from  2.7  to  2.75  or  2J.  Now 
i  X  2f  gives  f^,  or  almost  5;  that  is,  under  these  circum- 
stances, the  meclium  density  or  specific  gravity  of  the  whole 
mass  of  the  earth,  in  proportion  to  that  of  water,  is  nearly 
as  5  to  1,  or  that  it  is  5  times  the  weight  o£  water. 

Knowing,  then,  the  mean  density  of  die  earth  in  comparison 
with  water,  and  the  densities  of  all  the  planets  relatively  to 
the  earth,  we  can  now  assign  the  proportions  of  the  densities 
of  them  all  as  compared  to  water,  after  the  manner  of  a  com- 
mon table  of  specific  gravities.  And  the  numbers  expressing 
their  relative  densities,  in  respect  of  water,  are  annexed. 

Water 

The  sun 

Mercury    - 

Venus 

The  earth 

JUfcount  ojf  an  Infani  Musickm.  By  Charles  BuRinsYy 
Doctor  (f  Music  and  F:R.S.~  £1779.] 
Wm.  Crotch  was  born  at  Norwich,  July  5.  1775. .  His 
flither,  by  trade,  a  carpenter,  having  a  passion  for  music,  of 
which,  however,  he  had  no  knowle%e,  undertook  to, build  an 
organ,  on  which,  as  soon  as  it  would  speak,  he  learned  to  play 
two  or  three  common  tunes,  with  which,  and  such  chords  as 
were  pleasing  to  his  ear,  he  used  to  try  the  perfection  of  his 
instrument.  About  Christmas,  1776,  when  the  child  was 
only  a  3rear  and  a  half  old,  he  discovered  a  great  inclination 
for  music,  by  leaving  even  his  food  to  attend  to  it  when  the 
organ  was  playmg ;  and  about  Midsummer,  1777,  he  would 
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touch  the  key-note  of  his  perticiyar  favourite  tunes,  in  order 
to  persuade  his  &ther  to  play  them.  Soon  after  this,  as  he 
was  unable  to  name  these  tunes,  he  would  play  the  two  or 
three  first  notes  of  them,  when  he  thought  the  key-note  did 
not  sufficiently  explain  which  he  wished  to  hare  placed, 

.Being  left,  while  his  mother  went  out,  in  the  dinbg^room 
with  his  brother,  a  youth  of  about  14  years  old,  he  would  not 
l^t  him  rest  till  he  blew  the  bellows  of  die  organ,  while  he  sat 
on  his  knee  and  beat  down  the  keys,  at  first  promiscuously ; 
but  nresently,  with  one  hand,  he  played  enough  of  **  God  sf^ve 
the  King''  to  awaken  the  curiosity  of  his  father,  who  being  in 
a^garret,  which  was  his  work-shop,  hastened  down  stairs  to 
inform  himself  who  was  playing  this  tune  on  the  organ. 
When  he  found  it  was  the  child,  he  could  hardly  believe  what 
he  heard  and  saw.  At  this  time  he  was  exactly  two  years 
and  three  weeks  old. 
.  The  next  day  he  made  himself  master  of  the  treble  of  the 
second  part ;  and  the  day  after  he  attempted  the  base,  which 
he  performed  nearly  correct  in  every  particular,  except  the 
note  immediately  before  the  dose,  which,  being  an  octave 
below  the  prececung  sound,  was  out  of  the  reach  of  his  little 
hand.  In  the  beginning  of  November,  1777,  he  played  both 
the  treble  and  base  of  "  Let  ambition  fire  thy  rami"  an  old 
tune,  which  is,  perhaps,. now  better  known  by  the  words  to 
whidi  it  is  sung  in  "JLove  in  a  Village,"  <<  Hope,  thou  nurse 
of  youn^  desire." 

At  this  time,  such  was  the  rapid  progress  he  had  made  in 
judging  of  the  agreement  of  sounds,  that  he  played  the  Easter 
hymn  with  full  harmony ;  and  in  the  last  two  or  three  bars  of 
Hallelujah,  where  the  same  sound  is  sustained,  he  played 
chords  with  both  hands,  by  which  the  [mrts  were  multiplied 
to  six,  which  he  had  great  difficulty  in  reaching  on  account  of 
the  shortness  of  his  fingers.  It  was,  also,  to  be  observed]^ 
that  in  making  a  base  to  tunes  which  he  had  recently  caught 
by  his  ear,  whenever  the  harmony  displeased  him,  ne  would 
continue  the  treble  note  till  he  had  formed  a  better  accom- 
paniment. 

Another  i^onderful  part  of  his  prematurity  was  the  being 
able,  at  two  years  and  four  months  old,  to  transpoiie  into  the 
most  extraneous  and  difficult  keys  whatever  he  played ;  and 
now,  in  his  extemporaneous  flights,  he  modulates  mto  all  keys 
with  equal  facility.  The  last  qual^cation  which  Dr.  B. 
points  out  as  extraordinary  in  this  infant  musician,  is  the 
being  able  to  play  an  extemporary  base  to  easy  melodies, 
when  performed  by  another  person  on  the  same  instrument. 
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But  these  iMises  must  not  be  iRU^rhMd  oerf«c€,  seeovding  to 
the  rules  of  coimter'point,  any  mate  than  his  v^aloBftaries. 
He  generalty  gives,  indeed,  the  key-note  td  passages,  fbnned 
fipom  its  €omm(m  chord  and  its  inTersiaos^  and  ia  quidc  at  dis- 
covering when  the  fifth  of  the  k^  wfll  serve  as  a  haae.  At 
other  times  he  makes  the  third  of  the  key  serve  as  aa  ac- 
companiment to  melodies,  formed  from  the  harmony  of  tiie 
diord  to  the  key-note ;  and  if  ttmj^e  passages  aste  phiyed 
sloiv,  in  a  regular  progression,  ascending  or  descending^  be 
soon  &ids  out  that  thirds  or  tenths,  below  the  treble  will 
serve  his  purpose  in  furnishing  an  agreeable  accompaniment. 
Musical  prodigies  of  this  kind  are  not  ui^equent :  there 
have  been  several  in  Dr.  B.'8  memory  on  the  harpsichord. 
I  But  the  two  sons  of  the  Rev.  Mr.  Wesley  seem  to  have  dis- 
covered, during  early  infancy,  verv  uncommon  &culties  for 
the  practice  of  music.  Charles,  the  eldest,  at  ^  years  dd, 
surprised  hii  father  by  playing  a  tune  on  the  harpsichord 
readily,  and  in  just  time :  soon  after  he  pli^ed  several,  what- 
ever his  mother  sung,  or  what^er  he  heard  in  tiie  street. 
Samuel,  the  youngest,  though  he  was  three  years  old  be^re 
he  aimed  at  a  tune,  yet  by  constantly  hearing  his  brother 
practise,  and  being  accustomed  to  good  music  and  masterly 
execution,  before  he  was  six  years  old  arrived  at  such  know^ 
ledge  in  music,  that  his  extemporary  performance  on  keyed 
instruments,  lUce  Mozart's,  was  so  masterly  in  pomt  <^  in- 
vention, modulation,  and  accuracy  of  execution,  as  to  surpass, 
in  many  particulars,  the  attainments  of  most  professors  at  any 
period  of  their  lives.  Indeed  Moziu*t,  when  little  more  then 
four  years  old,  is  said  to  have  been  «  not  only  capable  of 
executing  lessons  on  his  favourite  instrument,  the  harpsichord, 
but  to  have  composed  some  in  an  easy  style  and  taste,  which 
were  much  approved  ;  '*  and  Samuel  Wesley,  before  he  could 
write,  was  a  composer,  and  mentally  set  the  airs  of  several 
oratorios,  which'  lie  retained  in  memory  till  he  was  eight  yewrs 
old,  and  then  wrote  them  down. 


On  die  ErupHon  iff  Mount  VesuvktSy  in  Aogusiy  1779.    In 
a  JbeUerfiiA  Sir  Wm.  Hamiltou^  K.B.  F.R.S. 

On  the  5th  of  August,  about  tW6  o'clock  in  the  afternoon, 
Sir  W.  perceived,  from  his  villa  at  PausiHppo,  in  the  bi^  of 
Naples,  ^ence  he  had  a  full  view  of  Vesuvius^  which  is  just 
opposite,  and  at  the  distance  of  about  six  mUeS  in  a  direct 
line  from  it,  that  the  volcano  was  in  a  most  violent  agitation : 
^  white  and  {rulphureous  smoke  issued  continually  and  impe* 
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tuously  fnm  its  cmter,  one  puiF  tmp^i^  another,  and  by  an 
accumulation  of  those,  clouas  of  woioke  resemUing  bales  of 
th^^^hitest  cotton.  Such  a  mass  of  them  was  soon  piled  over 
the  top  of  the  volcano,  as- exceeded  the  height  and  sne  of  the 
mountain  itself  at  least  four  times.  In  the  midst  of  this  very 
white  smoke,  an  immense  quantity  of  stones,  scorise,  and 
ashes,  were  shot  up  to  a  wonderful  height,  certainly  not  less 
than  2000  feet. 

August  7*  the  volcano  remained  mudi  in  the  same  state  ; 
but  about  midnight  its  fermentation  increased  greatly.  The 
second  fever-fit  of  the  nH>untain  may  be  said  to  have  mani* 
fested  itself  at  this  time.  Sir  W.  was  watching  its  motions 
from  the  mole  of  Naples,  which  has  a  full  view  of  the  volcanoy 
and  had  been  witness  to  several  glorious  picturesque  effects 
produced  by  the  reflection  of  the  de^  red  fire,  which  issued 
from  die  crater  of  Vesuvius,  and  mounted  up  in  the  midst  of 
the  huge  clouds,  when  a  summer  storm,  called  here  a  tropea, 
came  on  suddenly,  and  blended  its  heavy  watery  clouds 
with  the  sulphureous  and  mineral  ones,  which  were  already 
like  so  many  other  mountains  piled  over  the  summit  of  the 
volcano :  at  this  moment  a  fountain  of  fire  was  shot  up  to  an 
incredible  height,  casting  so  bright  a  light,  that  the  smallest 
objects  could  be  clearly  distinguished  at  any  place  within  six 
miles  or  more  ci  Vesuvius. 

August  8.  Vesuvius  was  quiet  till  towards  six  o'clock  in  the 
evening,  when  a  great  smoke  began  to  gather  again  over  its 
crater,  and  about  an  hour  after,  a  rumbling  siubterraneous 
noise  was  heard  in  the  neighbourhood  of  the  volcano ;  the 
usual  throws  of  red-hot  stones  and  scori«  began,  and  increased 
every  instant.  At  about  nine  o'clock  there  was  a  lend  report, 
which  shook  the  houses  at  Portici  and  its  neighbourhood,  to 
such  a  degree  as  to  alann  their  inhabitants,  and  drive  them 
out  into  the  streets ;  and  many  windows  were  broken,  and 
walls  cracked,  by  the  concussion  of  the  air  firom  that  explo- 
sion, though  iiuntly  heard  at  N^les.  In  an  instant  a  fountain 
of  liquid  transparent  fire  b€^an  to  rise,  and,  gradually  increase 
mg,  arrived  at  so  amazing  a  height  as  to  strike  every  be- 
holder with  the  most  «wM  astoniriiment.  The  hei(pt  of 
this  stupendous  column  of  fire  could  not  be  less  than  three 
times  that  of  Vesuvius  itself,  which  rises  perpendicularly  near 
3700  feet  above  the  level  of  the  sea. 

August  9.  about  nine  o'clock  in  the  mornings  the  fourth 
fever-fit  of  the  mountain  began  to  manifest  itself  by  the 
usual  symptoms,  such  as  a  subterraneous  boiling  noise,  vuilent 
explosions  of  inflamed  matter  from  the  crater  of4he  vdcano. 
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•coomjMuiied  with  smoke  and  ashes,  whidi  symptoms  incredsed 
every  mstant.  The  smoke  was  of  two  sorts ;  the  one  as  white 
as  snow,  the  other  as  hlack  as  jet.  The  white,  as  de* 
scribed  in  the  former  part  of  this  journal,  rolled  gently  mass 
orer  mass,  resembling  bales  of  the  whitest  cotton ;  and  the 
black,  composed  of  scoriie  and  minute  ashes,  shot  up  with  forc*e 
in  the  midst  of  .the  white .  smoke,  which,  from  the  minerals, 
was  also  sometimes  tinged  with  yellow,  blue,  and  green. 
Presently  such  a  tremencbus  nmB  of  these  accumulated  douds 
stood  over  Vesuvius  as  seemed  to  threaten  Naples  again,  and 
actually  made  the  mountain  itself  appear  a  mole^hiU.  This 
day's  eruption  was  similar  to  that  of  the  5th,  but  many  de* 
grees  more  violent. 

August  11.  about  six  in  the  morning,  the  fifith  and  last 
fever-fit  of  the  mountain  came  on,  and  gradually  increased. 
About  12  o'clock  it  was  at  its  height,  and  very  violent  indeed, 
the  explosions  being  louder  than  those  that  attended  the 
former  eruptions.  The  same  mountains  of  white  cotton-like 
clouds,  pilled  one  over  another,  rose  to  such  an  extraordinary 
height,  and  formcKi  such  a  colossal  mass  over  Vesuvius,  as 
cannot  possibly  be  described,  or  scarcely  imagined.  It  may 
have  been  from  a  scene  of  this  kind  that  the  ancient  poets 
took  their  ideas  of  the  giants  waging  war  witli  Jupiter. 

Proceeding  to  Ottaiano,  which  is  reckoned  to  contain  12,000 
inhabitants,  nothing  could  be  more  dismal  than  the  sight  of 
this  town,  unroofe<C  half  buried  under  black  scoris  and  ashes, 
all  the  windows  towards  the  mountain  broken,  and  some  of  the 
houses  themselves  burnt,  the  streets  choked  up  with  these 
ashes ;  in  some  that  were  narrow,  the  stratum  was  not  less 
than  four  feet  thick,  and  a  few  of  the  inhabitants  just  returned 
were  employed  in  clearing  them  away,  and  piling  up  the 
ashes  in  hillocks  to  get  at  their  ruined  houses.  *^The  moun- 
tain of  Somma,  at  the  foot  of  which  Ottaiano  is  situated, 
hides  Vesuvius  from  its  sight,  so  that  till  the  eruption  became 
considerable  it  was  not  visible  to  them.  On  the  8th,  when 
the  noise  mcreased,  and  the  fire  began  to  appear  above  the 
mountain  of  Somma,  many  of  the  inhabitants  of  this  town^w 
to  the  churches,  and  others  were  preparing  to  quit  the  town, 
when  a  sudden  violent  report  was  heard ;  soon  after  which 
they  found  themselves  mvolved  in  9,  thick  cloud  of  smoke  and 
minute  ashes :  a  horrid  clashing  noise  was  heard  in  the  air, 
and  presently  fell  a  deluge  of  stones  and  large  scorise,  some  of 
which  scoriae  were  of  the  diameter  of  seven  or  eight  feet,  and 
must  have  weighed  more  than  100  pounds  before  they  were 
.  b^'oken  by  their  fall,  as  some  of  the  finunnents  of  them  still 
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weighed  upwards  of  60  pounds.  When  these  large  vitrified 
masses  either  struck  against  each  other  in  the  air,  or  fell  on 
the  ground,  they  broke  in  many  pieces,  and  covered  a  large 
space  around  them  with  vivid  sparks  of  fire,  which  communi- 
cated their  heat  to  every  thing  that  was  combustible*  In  an 
instant  the  town  and  countxy  about  it  were  on  fire  in  many 
parts ;  for  in  the  vineyards  there  were  several  straw  huts,  all 
of  which  were  burnt.  A  great  magazine  of  wood  in  the 
heart  of  the  town  was  all  in  a  blaze ;  and  had  there  been  much 
wind  the  flames  must  have  spread  universally,  and  all  the  in- 
habitants would  have  infallibly  been  burnt  in  their  houses ;  for 
it  was  impossible  for  them  to  stir  out.  Some  who  attempted 
it  with  pillows,  tables,  chairs,  the  tops  of  wine  casks,  &c.  on 
their  heads,  were  either  knocked  down,  or  soon  driven 
back  to  their  dose  quarters  under  arches,  and  in  the  cellars 
of  their  houses.  Had  the  eruption  lasted  an  hour  longer, 
Ottaiano  must  have  remained  exactly  in  the  state  of  Pompeia, 
which  was  buried  under  the  ashes  of  Vesuvius  just  1700  yearr 
before,  with  most  of  its  inhabitants,  whose  bones  are  to  this 
day  frequently  found  under  arches  and  in  ;the  cellars  of  the 
houses  of  that  ancient  city. 

The  number  and  size  of  the  stones,  or,  more  properly  speak- 
iiig||f?<f,t^r  fragments  of  lava,  which  were  thrown  out  of  the 
volcaino  in  the  course  of  this  eruption,  imd  which  lay  scattered 
thick  on  the  cone  of  Vesuvius,  and  at  the  foot  of  it,  were  in- 
credible. The  largest  they  measured  was  in  circumference 
no  less  than  108  English  feet,  and  17  feet  high.  It  was  a 
solid  block,  and  much  vitrified :  in  some  parts  of  it  there  were 
large  pieces  of  pure  glass,  of  a  brown  yellow  colour,  like  that 
of  which  common  bottles  are  made,  and,  throughout,  its  pores 
seemed  to  be  filled  with  perfect  vitrifications  of  the  same  sort. 
The  spot  where  it  fell  was  plainly  marked  by  a  deep  impres- 
sion, almost  at  the  foot  of  the  cone  of  the  volcano ;  and  it 
took  three  bounds  before  it  settled,  as  was  plainly  perceived 
by  the  marks  it  has  left  on  the  ground,  and  by  die  stones 
which  it  pounded  to  atoms  under  a  prodigious  weight.  An- 
other solid  block  of  ancient  lava,  66  feet  in  circumference,  and 
19  feet  high,  being  nearly  of  a  spherical  shape,  was  thrown 
out  at  the  same  time,  and  lay  near  the  former.  This  stone 
had  the  marks  of  having  been  rounded,  nay  almost  polished, 
by  continual  rolling  in  torrents,  or  on  the  sea-shore  ;  but  it 
had  undoubtedly  been,  in  that  state,  thrown  out  of  the  vol- 
cano, and  may  therefore  be  the  subject  of  curious  specula- 
tions. Another  block  of  solid  lava  that  was  thrown  much 
fertber,  and  which  lay  in  the  valley  between  J^e  cone  of 
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Vesuvius  and  the  Hennitage,  was  16  feet  high»  and  92  in  cir- 
cumference, though  it  appeared,  by  the  large  fragments  that 
:2ay  round,  and  were  detached  from  it  by  the  shock  of  its  &U^ 
that  it  must  have  been  twice  as  considerable  when  in  the  air. 
There  were  thousands  of  very  large  fragments  of  different  spe- 
cies of*  ancient  and  modem  lavas,  that  lay  scattered  on  the  cone 
of  Vesuvius,  and  in  the  vallies  at  its  foot ;  but  these  three  were 
the  largest  of  those  they  measured.  They  measured  two 
other  stones  in  the  valley  between  Somma  and  Vesuvius ;  the 
one  was  22^  feet  long,  ISJr  feet  broad,  and  10  feet  high ; 
the  other,  11^  feet  high,  and  72  feet  in  circumference. 


Aitrowmiccd  Observations  rdaJUng  to  the,  Mountaina  cf  the 
Moon,    By  Mt^Herschel* — [1780.] 

Nov.  30. 1776,  six  o'clock  in  the  morning,  a  rock,  situated 
near  what  HeveUus  calls  Lacus  niger  major,  was  measured  to 
project  41^56.  Then,  by  Hevelius*s  method  the  perpendicular 
height  of  the  rock  is  found  to  be  about  one  mik.  The  asaat 
morning  a  great  many  rocks,  situated  about  the  middle  of  the 
disk,  jprojected  from  25^93  to  26''.56*  These  rocks  are  aO 
less  than  half  a  mile  high. 

Jan.  13. 1780,  seven  o'clock,  Mr.  H.  examined  the  moun^ 
tains  in  the  moon ;  but  there  was  not  one  of  them  that  was 
fairly  placed  on  level  ground,  which  is  a  condition  very  ne^- 
cessanr  for  an  exact  measurement  of  the  projection.  If  th^e 
should  be  a  declivity  on  the  moon  before  the  mountains,  or  a 
tract  of  hills  placed  so  as  to  cast  a  shadow  on  that  part  before 
them  which  would  otherwise  be  illuminated,  it  is  pliain  thait 
the  projection  would  appear  too  large ;  and,  on  the  contnuy^ 
shoiud  there  be  a  rising  ground  before  them,  it  would  appear  " 
too  little.  As  frtr  as  he  was  able  to  judge  of  the  direetion  of 
the  line  of  illumination,  the  highest  hill  projected  26".S1 : 
thence  we  find,  as  before,  that  the  perpendicular  height  is  leas 
than  half  a  mile. 

Jan.  14.  1 1  o'clock,  he  took  the  projection  of  the  highest 
mountain,  which  was  situated  at  the  western  edge.  It  metr- 
sured  24''.68,  m*  about  27  miles ;  and  the  perpaidicular  height 
comes  out  less  than  half  a  mile.  There  was  not  another  moui^ 
tain  in  the  edge  c£  the  disk  so  high  as  this.  Jan.  17.  seveli 
o'clock,  a  ver^  high  mountain  projected  no  less  than  40^«625. 
Its  situation  is  in  tlie  south-east  quadrant;  and  the  perpen- 
dicular height  of  the  mountain  is  lm.47,  or  less  than  a  mile 
and  a  half. 

From  these  observations,  Mr.  H.  believes  it  is  evident,  that 
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the  height  of  the  lunar  mountains  in  general  has  been  greatly 
oveivi'ated;  and  that,  when  we  have  excepted  a  few^  the 
generality  do  not  .exceed  half  a  laiie  in  tlieir  perpendktdar 
elevation. 

A.  Storm  of  Lightning  at  East  Bourn^  /Sijpf.  17. 1780.— [1781.3 

About  nine  in  the  morning,  a  black  cloud  passed  over  the 
house  of  James  Adair,  Esq.^  Recorder  of  London.  He  saw 
some  shafls  of  lightning  pass  from  it  to  the  sea,  and  while 
standing  in  the  window  viewing  them,  a  flash  threw  him  several 
yards  backward  on  the  floor,  where  he  remained  some  time, 
sensible,  but  unable  to  move,  see,  or  speak.  His  coat  and 
hreeches  were  torn,  and  part  of  the  buttons  melted,  llie 
steel  chain  of  his  gold  watch  was  blended  with  the  gold.  His 
flesh  on  the  right  side  was  scorched  and  torn,  and  his  metal 
sleeve-button,  and  his  penknife,  and  a  key  in  his  pocket,  wer^ 
partly  fused. 

Every  pane  in  the  wmdow  was  smashed,  and  so  completely 
removed,  that  it  did  not  appear  diere  had  been  any  glass  m 
it,  but  the  frame  was  little  damaged.  A  pier-glass,  and  the 
room-door  were  shattered  in  pieces,  and  the  bed-posts  in  an 
adjoining  room  and  the  bell-wires  were  destroyed. 

In  the  room  below  were  the  coachman,  butler,  and  footman. 
The  coachman  was  struck  dead.  His  clothes,  his  wig,  and 
cravat,  were  much  torn,  and  the  enamel  face  of  his  watch 
broken,  and  the  links  of  the  steel  chain  fixed  together. 

The  footman  was  also  thrown  dead  on  the  floor.  He  was 
much  scorched  and  bruised,  and  had  a  very  large  wound  in 
his  side.  His  buckskin  breeches  were  mudi  torn,  and  the 
steel  of  a  knee-buckle  driven  through  them.  The  window-sash 
was  driven  in. 

The  butler  had  a  telescope  hi  his  hand,  which  was  broken 
to  pieces,  and  his  hat  and  wig  were  thrown  to  some  distance, 
but  he  was  little  injured. 

A  young  lady  and  her  maid  were  in  the  room  over  Mr. 
Adair,  and  were  thrown  down  and  rendered  insensible,  and 
the  bed-posts  and  bell-wires  were  destroyed. 

Multitudes  on  the  shore  saw  the  stream  or  ball  strike  the 
housot  and  resembled  it  to  a  sky-rocket. 


Aowum  of  A^  HwrmaUtm^  a  singular  African  Wind.    By 
Dr.  DoBBON.  —  [1781.] 
TttB  harmattan  is  a  periodical  wind,  which  blows  fi'om  the 
interior  parts  of  Africa  towards  the  Atlantic  Oceim.    It  prc- 
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vails,  at  periods,  in  December,  January,  and  February,  over  a 
line  of  2000  mUes  of  coast,  and  comes  from  the  nortfa-east. 
It  is  accompanied  by  a  fog,  which  leaves  a  dry  whiteness,  and 
affords  no  dew  or  moisture.  ^  It  destroys  all  vegetation,  and 
renders  every  thing  so  dry,  that  the  natives  then  set  fire  to 
the  high  grass  to  dear  the  country,  and  the  destruction  spreads 
with  frightful  rapidity* 

The  covers  of  books,  and  even  of  a  trunk,  are  shrivelled  up. 
Household  furniture  is  much  damaged,  and  the  panels  of  doors 
and  wainscot  are  split.  The  joints  of  Boors  open,  and  ships 
become  leaky.  Casks  let  out  their  contents,  and  require  con- 
stant attention  to  their  hoops. 

The  eyes,  nostrils,  Tips,  and  mouth,  are  rendered  dry  and 
uneasy,  and  the  scurf-skin  peels  off.  Salt  of  tartar  remains 
dry  by  day  and  night,  and  when  previously  liquefied  becomes 
dry  in  two  or  three  hours.  The  evaporation  of  all  moisture 
is  excessive,  or  four  times  that  in  other  countries. 

Nevertheless  it  is  salubrious  to  the  human  constitution.  It 
recovers  invalids  in  many  disorders,  and  stops  the  progress  of 
epidemics.  It  is  supposed  to  proceed  from  some  mountains 
called  Caphas,  and  to  be  loaded  with  the  arid  p\ilverised 
dust  of  the  great  desert  of  Sahara.  The  south-wiist  wind  in 
the  Mediterranean,  called  the  Sirocco,  is  believed  to  have  the 
same  origin.  The  Fantees,  or  black  natives^  divide  the  year 
into  the  names  of  the  prevailing  winds>  which  they  call  by  the 
names  of  the  stars* 


Account  of  the  Termites  inAfricOj  and  other  hot  Climaies.    JB^ 
Mr.  H.  Smbatbman.  — [1781.] 

These  ants  are  called  bugga-bugs,  wood-lice,  white  ants, 
cutters,  piecers^  eaters,  and  destructors,  in  different  places. 
They  destroy  all  timber  in  buildings,  all  furniture,  and  all 
household  stuff  and  merchandise,  and  nothing  escapes  them 
but  metal  or  stone. 

They  are  called  ants,  but  they  do  not  resemble  them  in 
form  or  changes,  only  in  their  large  communities  and  extra- 
ordinary nests,  constructed  with  covered  galleries,  and  in  their 
provident  labours ;  but  they  fiir  surpass  our  European  ants, 
as  well  as  bees,  wasps,  beavers,  and  other  animals,  m  the  arts 
of  building,  and  in  sagacity  and  government. 

Their  communities  consist  of  one  male  and  one  finnale,  who 
are  the  common  parents  of  three  orders  of  the  insects,  which 
together  constitute  great  commonwealths  or  monarchies. 
There  are  several  species,  and  some  build  qq  the  ground, 
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Others  on  the  branches  of  trees,  often  at  great  heights.  The 
three  orders  m  each  community  consist  of  the  lalM>urers,  the 
soldiers,  and  the  winged  or  perfect  insects,  which  are  male 
and  female.  From  among  these  latter,  kings  and  queens  are 
elected,  which  soon  emigrate,  and  found  new  communities. 

The  largest  species  is  called  teaniMS  bellieosus,  and  is  best 
known  on  the  coast  of  Africa.  It  erects  immense  buildings 
of  well  attempered  clay,  with  such  art  and  ingenuity  as  to 
excite  the  astonishment  of  man.  In  Senegal  they  resemble 
the  villages  of  the  natives,  being  10  or  12  feet  above  tlie 
ground,  and  like  very  large  hay-cocks.  Comparing  the  size  of 
the  animal  with  that  of  man,  these  buildings  are  four  or  five 
times  the  height  of  the  Monument. 

Every  building  consists  of  two  parts,  an  exterior  dome,  and 
an  interior,  divided  into  an  amazing  number  of  apartments.  The 
exterior  is  a  protection  from  the  weather,  and  in  the  interior 
reside  the  king  and  queen,  and  the  whole  community,  with 
magazines  stored  with  provisions  and  conveniences. 

They  raise  these  immense  structures  in  separate  turrets,  of 
the  shape  and  size  of  sugar-loaves,  and  then  fill  it  between  till 
the  dome  is  completed,  by  joming  the  tops  of  the  lofty  turrets, 
which  they  raise  in  the  centre.  Then  they  take  away  the 
bases  of  tibe  central  turrets,  and  apply  the  clay  to  the  con- 
struction of  the  interior.  The  wild  bulls  stand  on  them  as 
sentries  for  the  rest  of  the  herd,  and  men  climb  up  them 
when  they  desire  to  take  distant  views,  and  three  or  four  men 
may  stand  on  a  single  one. 

The  royal  chaml^r  is  in  the  centre,  in  the  shape  of  a  large 
oven.  Its  floor  is  perfectly  horizontal,  and  its  roof  a  solid 
and  well-turned  oval  arch.  The  entrances  into  it  are  so  small, 
that  the  king  and  queen  can  never  leave  it.  Around  it  are 
numerous  apartments  for  soldiers  and  attendants,  and  adjoin- 
ing are  magazines  filled  with  gums  and  hardened  juices  of 
plants  of  various  colours.  Among  these  are  the  nurseries 
for  eggs  and  young,  built  of  wood  joined  by  gum,  and  in  vast 
numbers  not  more  than  half  an  inch  in  width.  At  first  the 
nurseries  are  close  to  the  royal  chamber ;  but  as  the  colony 
increases,  those  for  attendants  are  increased,  and  the  nurseries 
placed  at  greater  distances,  in  performing  which  they  are  con- 
tinually employed.  The  whole  of  the  central  part  is  covered 
with  a  common  roo£ 

Beneath  the  whole  are  common  sewers  of  vast  size,  even  as 
large  as  the  bore  of  a  cannon,  to  cany  off  water,  and  lined  with 
thick  clay:  one  of  thenii  which  was  measured,  was  13  inches  in 
diameter,  descending  to  the  gravel,  from  the  finer  parts  of 
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which  they  make  their  hard  mortar  with  their  mouths.  These 
'  Biibterraneous  passages  are  canried  horizontally  to  vast  dis- 
tances, like  passages  £rom  old  castles,  from  which  they  emerse. 
on  any  building  or  merchandise  which  they  intend  to  attaw. 
As  they  cannot  carry  up  perpendiculars,  all  the  ascents  and 
descents  are  made  by  spiral  roads. 

For  communication  inside,  they  construct  elliptical  bridges ; 
and  Mr.  S.  had  one  10  inches  long,  half  an  inch  wide,  and  a 
quarter  of  an  inch  thick.  It  was  strengthened  by  a  small 
arch  at  bottom,  and  tiie  centre  of  it  was  hollowed  out  for  the 
safety  of  the  passengers. 

A  smaller  species  build  their  city  in  the  shape  of  an  up- 
right CYLINDER,  about  27  inches  high,  and  cover  it  with  a 
roof  of  the  same  black  earth,  like  the  top  of  a  mushroom,  or 
the  roof  of  a  cottage  which  hangs  beyond  the  walls.  When 
one  is  too  small  they  build  others  close  to  it,  and  five  or  six 
generally  stand  together. 

The  termes  arborum  build  their  nests  between  the  arms 
and  stems  of  a  tree,  at  the  height  of  70  or  80  feet,  some- 
times as  large  as  a  sugar  hogshead.  They  are  composed  of 
small  particles  of  woo^  and  the  gums  ana  hardened  juices 
of  trees,  worked  by  these  industrious  and  interesting  little 
creatures  into  a  paste,  and  then  formed  in  cells  and  apart* 
ments,  in  such  connection  with  the  tree  that  nothing  can 
sever  them. 

The  labourers  among  the  termes  bellicosus  are  about  a 
quarter  of  an  inch  long,  and  25  of  them  weigh  but  a  grain. 
There  are  about  100  to  every  soldier:  they  run  faster  than  any 
insect  of  their  size,  and  are  always  bustling  about  their  ai&irs 
The  soldiers  are  labourers  who  have  advanced  a  stage  to  the 
winged  state.  They  are  half  an  inch  long,  and  their  jaws  are 
adapted  for  piercing  and  wounding,  being  just  like  two  very 
sharp  awls  a  little  jagged;  while  the  mouths  of  the  labourers 
are  calculated  only  for  gnawing  and  holding.  In  the  third 
order,  they  are  six  or  seven  tenths  of  an  inch  in  length,  and  are 
furnished  with  four  large,  brownish,  transparent  wings.  Their 
size  is  equal  to  that  of  SO  labourers,  or  two  soldiers,  and  ther 
have  two  conspicuous  eyes,  to  aid  their  search  for  new  dwell- 
ings. They  issue  in  such  prodigious  numbers,  that  they 
become  food  for  birds,  other  insects,  reptiles,  and  even  man, 
so  that  not  a  pair  in  many  millions  establishes  a  new  com- 
niunity. 

They  become  in  this  state,  from  being  the  most  active,  in- 
dustrious, fierce,  and  implacable  little  animals  in  the  world, 
the  most  helpless  and  cowardly ;  the  prey  of  other  ants,  who 
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are  every  where  seen  dragging  them  to  their  nests.  The 
few  who  survive  the  general  massacre  of  their  race  are 
preserved  by  the  labourers  of  other  nests,  and  by  them 
elected  Jongs  and  queens  of  new  states.  They  enclose  them 
in  a  small  chamber  of  clay,  with  entrances  large  enough  only 
for  themselves,  and  become  voluntary  subjects,  taking  it  on 
themselves  to  provide  and  fight  for  them,  till  their  own  pro- 
geny are  numerous  enough  to  divide  the  task  with  them. 

'Diey  make  pipes  of  the  materiltl  of  which  they  buUd. 
They  thus  Ime  most  of  the  roads  leading  to  and  from  their 
nests,  and  pass  through  woods  and  over  rocks  in  this  secure 
manner,  while,  if  alu-med,  they  retreat  into  their  subterra- 
neous passages.  The  common  ant  is  their  most  formidable 
enemy ;  and  as  they  cannot  see,  and  are  soft,  while  the  others 
are  hard,  the  termes  never  appear  above  ground,  or  out  of 
their  covered  ways,  any  accident  to  which  they  instantly  re- 
pair with  unwearied  industry.  If  destroyed  several  times  they 
give  it  up ;  but  if  it  be  an  important  road,  they  soon  restore  it 
again.  Thus  makmg  their  approaches  under  ground,  they 
ascend  through  the  timbers,  perforate  them  completely,  and 
afterwards  every  wooden  part  of  houses,  tiU  they  have  ruined 
them.  The  termes  arborum  sometimes  form  meir  nests  in 
roofs,  but  more  commonly  in  the  trunk  of  a  tree,  perforating 
every  part,  and  destroying  every  thing  within  ^and  near  it. 

They  destroy  all  the  softer  substances  first,  and  are  paarti- 
cularly  fond  of  pine  boards,  eating  away  the  entire  inside,  and 
leaving  the  surface  as  thin  as  paper,  A  stake  in  a  hedge  is 
their  sure  prey;  of  which  they  leave  only  the  bark,  and  if  the 
bark  fail,  or  the  outside  of  a  beam,  they  cover  it  with  their 
mortar,  so  that  no  one  suspects  their  attack  till  the  things  are 
ha^^dled,  or  till  a  support  gives  way.  Fallen  trees  they  perforate 
in  like  manner,  and  what  appears  to  be  a  sound  piece  of  timber 
often  proves  but  a  shell,  which  may  be  crushed  between  the 
fingers.  They  seem  aware,  that  if  their  work  were  seen  from 
wiSiout  they  should  be  disturbed,  so  that  the  mischief  is  never 
suspected  till  it  is  perpetrated.  Of  deserted  houses,  or  villages^ 
they  leave  not  a  vestige  in  a  few  weeks,  i 

If  any  one,  from  cruel  curiosity,  make  a  breach  in  their 
hills,  a  soldier  runs  out,  and  walks  about  the  breach,  to  ex- 
amine the  cause  of  attack.  If  he  go  in  to  give  alarm,  two  or 
three  come  out,  who  run  as  fast  as  they  can,  and  these  are 
followed  by  a  large  body.  Some  of  them  beat  with  their  for- 
ceps on  the  buil&ig,  and  make  a  noise  like  the  ticking  of  a 
watch,  but  shriller.  If  they  find  the  asswlant,  they  fix  their 
hooked  jaws  in  him,  and  ^aw  blood  copiously,  and  nothing 
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will  remoTe  them.  If  the  attack  b  given  up,  the  breach  will 
be  restored  in  half  an  hour,  by  myriads  of  labourers,  who 
come  every  one  with  a  burden  of  mortar  in  his  mouth.  The 
soldiers  retire,  except  a  few,  and  one,  in  particular,  places 
himself  dose  to  the  breach,  tummg  leisurely  about,  and,  at 
intervals,  striking  his  forceps  on  the  building.  A  loud  hiss 
then  proceeds  from  the  labourers  within,  and  they  hasten, 
and  redouble  their  pace  at  every  such  signal.  If  the  attack 
is  renewed  the  labourers  disappear,  and  the  soldiers  are  in- 
stantly out,  and  if  the  enemy  is  quiet  they  retire  again,  and 
the  labourers  proceed.  But  no  soldier  works,  nor  any  la- 
bourer remains  when  defence  seems  to  be  necessary. 

If  the  attack  is  persevered  in,  the  soldiers  never  de- 
sist, and  seem  to  court  death,  and  commonly  succeed  in 
drivii^  away  negroes  without  shoes  and  stockings.  Again 
the  labourers  bamcade  every  avenue  to  the  interior,  and  they 
and  the  soldiers  die  voluntary  deaths  before  the  royal  cham- 
ber. If  the  attack  has  not  reached  that  chamber,  they  will 
block  up  every  avenue,  and  speedily  restore  the  whole  build- 
ii^.  If  the  royal  chamber  is  outraged,  the  distress  and  con- 
cision of  the  poor  insects  is  extreme,  and  they  continue  their 
attentions  and  loyalty  to  the  last 

One  species  is  the  marching  termes.  These  move  in  re- 
gular columns,  a  soldier  directing  a  body  of  labourers,  and 
quickening  their  pace  by  blows  on  the  ground  with  his 
rorceps. 

Of  a  Thermam^erfar  measuring  the  highest  Degrees  of  Heat. 
By  JosiAH  Wedgwood. —  [1782.] 

Mr.  W.  adopted  argillaceous  earths  for  his  measure.  The 
diminution  of  their  bulk  by  fire  is  a  distinguishing  character 
of  this  order  of  earths.  It  begins  at  a  low  red  heat,  and  pro- 
ceeds regularly  till  the  clay  becomes  vitrified,  even  to  a  fourth 
of  their  dimensions.  Of  all  the  sorts,  the  purest  Cornish 
porcelain  clajrs  were  the  best  adapted,  both  for  supporting  the 
intensity  and  measuring  the  degrees  of  fire ;  the  pieces  are 
then  put  into  a  brass  gauge,  wider  at  one  end  than  the 
other ;  and  as  the  piece  diminishes  in  bulk,  it  slips  down  the 
gauge,  which  is  graduated,  and  determines  the  contraction 
and  the  degree  ofheat. 

The  scale  commences  at  a  red  heat  visible  in  daylight ; 
and  the  greatest  heat  which  Mr.  W.  could  contain  in  his  fiir- 
naces^eas  marked  160°  by  his  clay  thermometer.  Swedish 
copper  melts  at  27S  sUver  at  28%  and  gold^t  32?.    Brass 
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18  in '  fusion  at  21^.  The  welding  heat  of  iron  is  90^,  and 
cast  iron  melts  at  ISC :  it  is  fluid  at  150°.  Glass  furnaces 
are  lU'^  to  124*^  Delft  ware  is  fired  at  40^,  and  Queen's 
Tware^at  86® :  Worcester  china  vitrified  at  94°. 


On  the  proper  Motion  of  the  Sun  and  Solar  System  among 
..     the  Stars.    By  WiLUAM  Herschel. —  [1783.] 

Does  it  not  seem  very  natural,  says  Dr.  Herschel,  that  as 
there  are  so  many  changes  amcmg  the  stars;  many  increasing 
their  magnitude  while  others  appear  to  vanish;  several  of 
them  suspected  to  he  new  comers,  others  that  are  lost  to  our 
sight ;  the  distances  of  many  actually  changing,  while  many 
jnore  are  suspected  to  have  a  considerahle  motion ;  does  it 
not  seem  natural  that,  prohably,  every  star  is  more  or  less  in 
motion  ?  Now,  if  the  proper  motion  of  the  stars  is  admitted, 
who  can  say  that  our  sun  and  the  solar  system  is  not  partaking 
of  tibe  general  agitation  ? 

Dr.  H.  examines  the  recorded  motions  of  the  stars ;  and 
m  a  list  of  27  of  the  principal,  he  proves  that  22  of  these 
motions  will  be  satisfied,  if  the  sun  has  a  proper  motion  to- 
wards the  constellation  Hercules ;  and  he  concludes  that  the 
Bun  and  solar  "Bystem  are  actually  moving  towards  the  star 
marked  gamma  in  Hercules ;  and  that  the  velocity  of  the  sun 
is  about  equal  to  that  of  the  earth  in  its  orbit. 


Account  of  some  late  fiery  Meteors.    By  Dr.  Blaqbbn* 

The  first  was  seen  August  18.  1783,  as  a  luminous  ball, 
leaving  a  train  behind,  and  yielding  a  prodigious  light.  It 
rose  in  the  N.N.W.,  passed  to  the  east,  verged  southward, 
and  gradually  disappeared.  It  continued  visible  about  half  a 
minute,  and  seemed  in  its  course  to  undergo  a  chuige  com- 
pared to  bursting. 

^  It  was  seen  m  Shetland,  at  sea,  in  the  Hebrides,  and  at 
Aberdeen  and  Edinburgh.  It  proceeded  over  Yorkshire ;  and 
in  Lincolnshire  deviated  to  the  east,  and  appeared  to  burst. 
It  then  passed  over  Cambridgeshire,  Sufiblk,  and  Essex,  and 
at  Ostend  and  Calais  was  considered  as  vertical.  It  was  also 
seen  at  Brussels  and  Paris,  and  altogether  through  a  course 
of  1000  miles.  Nothing  was  more  surprising  than  the  brilli^mt 
and  intense  light  which  it  afibrded. 

A  comparison  of  its  elevation  in  different  places  proves 
that  it  was  from  57  to  60  miles  in  height,  where,  by  theory, 
the  air  is  40,000  times  more  rare  than  with  us;  and  yet  its  re- 
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ports  wer^  heard  at  double  the  distance,  like  a  voBey  of  matiO 
arms,  and  appareatly  at  the  same  time  in  lincolnfllure  aad 
Kent.  Dr.  B.  ealculates  that  it  was  half  a  mile  across,  and 
two  miles  long,  while  its  train  was  10  or  12  times  longer  than 
the  body.  Such  an  enormous  mass,  as  large  as  a  considerable 
mountain,  moving  with  such  ei^treme  velocity,  affords  just 
matter  of  astonishment. 

Its  velocity  was  so  great,  that  it  appeared  to  pass  through 
1000  or  1200  miles  in  40  or  45  seconds,  which  gives  from 
20  to  25  miles  per  second ;  that  is,  100  times  more  rapid  tfaa^ 
sound  or  a  cannon  ball,  and  greater  than  the  velocity  of  the 
earth  in  its  orbit  Dr.  B.  concludes  it  to  have  been  at  20 
miles  per  second,  and  90  times  ^eater  than  sound. 

Another  meteor  was  seen  on  the  6th  of  October,  17^ 
smaller  than  the  other.  It  pass^  from  the  northward ;  bat 
was  so  rapid,  that  though  Dr.  Bk^den  saw  it  himself,  he  cecdd 
not  distmguish  whether  it  passed  to  or  from  the  S.E.  Itg 
height  must  have  been  40  or  50  miles,  and  its  velocity  abov« 
12  miles  per  second. 

Dr.  B.  speculates  on  the  cause  and  source  of  these  bodies^ 
but  a  velocity  so  near  that  of  the  earth  in  its  orbit  seems  to 
prove  that  they  are  unconnected  with  our  gldie,  and  p^hqis 
only  become  luminous  and  noisy  by  passing  through  our 
atmosphere. 

On  the  Construction  of  (he  Heavens.    By  Dr,  Herscbbl* 
»    For  the  purpose  of  viewing  the  fixed  stars,  Dr.  H.  con- 
structed a  telescope  with  a  large  aperture,  so  as  to  increase 
the  light.    Its  field  of  view  was  a  quarter  of  a  degree  ill 
diameter. 

On  applying  this  telescope  to  the  milky-way,  it  completely 
resolved  the  whole  into  small  stars,  which  his  former  teles- 
copes had  not  light  enough  to  effect  He  says,  "  The  glorious 
multitude  of  stars  that  presented  themselves  about  the  liand 
and  club  of  Orion  was  truly  astonishing.  I  found  that  six 
fields,  promiscuously  taken^  contained  110, 60, 70,  90,  70,  and 
74  stars  each.  A  belt  of  15  degrees  broad,  and  two  wide,  or 
the  quantity  which  I  often  view  in  an  hour's  time,  could  not 
contain  less  than  50,000  stars  large  enough  to  be  numbered; 
and  I  suspect  there  were  twice  as  many  more  which  I  could 
not  see  for  want  of  light,  though  my  20-feet  reflector  had  dm 
aperture  of  18 J  inches." 

"  It  is  a  very  remarkable  circumstanceTof  the  nebula  and 
clusters^  of  stars,  that  they  are  arranged^  into  strata,  whic* 


lEXFBRIMEKTS  OK  TH£   TRAITSMISSION    OF   HEAT*      488 

seem  to  run  on  to  a  great  length.  The  milky-way  is  un« 
doubtedly  nothing  but  a  stratum  of  fixed  stars.  It  is  veir 
probable  that  this  great  stratum  is  that  in  which  our  sun  is 
placed,  though  not  in  the  centre  o£  its  thickness,  and  we  seem 
to  be  so  situated  as  to  view  it  sideways,  and  hence  its  bril- 
liancy. The  sun  is  therefore  in  this  great  stratum,  and  pro- 
bably not  far  from  the  place  where  some  smaller  stratum 
branches  out  from  it.  The  milky-way  is  the  appearance  of 
the  projection  of  the  stars  in  this  stratum,  and  its  secondary 
branches.  By  applying  ourselves  with  all  our  powers  to  the 
improvement  of  telescopes,  which  I  consider  as  yet  in  their 
infant  state,  we  shall  in  time  perhaps  be  able  to  delineate  the 
.interior  construction  of  the  heavens." 

*^  The  stupendous  sidereal  system  which  we  inhabit,  this  ex- 
tensive stratum,  and  its  secondaiy  branch,  consisting  of  many 
millions  of  stare,  is  in  all  probability  a  detached  nebula.  In 
the  most  crowded  parts,  I  have  had  fields  of  view  that  con- 
tained no  less  than  588  stars,  and  these  have  continued  for 
many  minutes,  so  that  in  a  quarter  of  an  hour  no  less  than 
116,000  stars  passed  through  the  view  of  my  telescope." 

^<  My  present  telescope  will  not  only  readfi  the  stars  at  497 
times  the  distance  of  Surius,  so  as  to  mstinguish  them,  but  has 
also  the  power  of  showing  the  united  lustre  of  the  accumu- 
lated stars  that  compose  a  milky  nebulosity  at  a  distance  far 
greater.  There  are  many  round  nebula  of  about  five  or  six 
minutes  in  diameter,  the  stars  of  which  I  can  very  distinctly 
see,  the  centres  of  which  may  be  600  times  the  distance  of 
Sirius  from  us,  and,  from  other  considerations,  perhaps,  GOOO 
times.  A  nebula  which  by  my  telescope  is  perfectly  milky 
cannot  well  be  supposed  to  be  at  less  than  6000  or  8000  times 
tiie  distance  of  Sinus." 


Jfew  JBaperimenis  on  HeaJL    By  Col  Sir  B.  TnoupsoNy  &U. 

F.B.S.—JinS6.2 
Examining  the  conducting  power  of  air,  and  of  various 
other  fluid  and  solid  bodies,  with  regard  to  heat,  I  was  led  to 
examine  the  conducting  power  of  the  Torricellian  vacuum. 
From  the  striking  analogy  between  the  electric  fluid  and  heat, 
respecting  their  conductors  and  non-conductors,  (having  found 
that  bodies  in  general,  which  are  conductors  of  the  electric 
fluid,  are  likewise  good  conductors  of  heat,  and,  on  the  con- 
trary, that  electric  bodies,  or  such  as  are  bad  conductors  of 
the  electric  fluid,  are  likewise  bad  conductors  of  heat,)  I  was 
led  to  imagine  that  the  Torricellian  vacuum,  which  is  known 
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to  afford  so  ready  a  passage  to  the  electric  £uid,  would  also 
have  afforded  a  ready  passage  to  heat.  The  commdn  ex* 
periments  of  heating  ana  cooSng  bodies  under  the  receiver  of 
an  air-pump  I  concluded  inadequate  to  determining  thn 
question  ;  not  only  on  account  of  the  impossibility  of  making 
A  perfinct  void  or  air  by  means  of  the  pump ;  but  also  on 
account  of  the  moist  vapour  which,  exhaling  from  the  wet 
'  leather  and  the  oil  used  m  the  machine,  expands  under  the 
receiver,  and  fills  it  with  a  waterv  fluid,  which,  thoug-h  ex- 
tremely rare,  is  yet  capable  of  conducting  a  great  deal  of  heat; 
I  had  recourse,  therefore,  to  other  contrivances. 

It  appears  that  the  Torricellian  vacuum,  which  affords  so 
feadv  a  passage  to  the  electric  fluid,  so  far  from  being  a  good 
eonauctor'of  heat,  is  a  much  worse  one  than  common  air, 
wliich  of  itself  is  reckoned  among  the  worst :  for,  When  tfa^ 
bulb  of  the  thermometer  was  surrounded  with  air,  and  the 
instrument  was  plunged  into  boiling  water,  the  mercuryr  ros^ 
from  18°  to  27^  in  4<5  seconds ;  but  in  the  former  experiment, 
when  it  was  surrounded  by  a  Torricellian  vacuum,  it  required 
to  remain  in  the  boiling  water  one  minute  30  sectmds  ==  90 
seconds,  to  acquire  that  degree  of  heat.  In  the  vacuum  it 
required  Bve  minutes  to  rise  to  48^^;  but  in  air  it  rose  hb 
that  height  in  two  minutes  40  seconds ;  and  the  proportion  of 
the  times  in  the  other  observations  was  nearly  the  same. 

It  appears  from  other  experiments,  that-  the  conducting 
power  of  air  to  that  of  the  Torricellian  vacuum,  under  the 
circumstances  described,  is  as  1000  to  702  nearly ;  for  the 
quantities  of  heat  conununicated  being  equals  the  intensity  oi 
the  communication  is  as  the  times  inversely.  : 

By  others  it  appears,  that  the  conducting  power  of  air  is  to 
that  of  the  Torricellian  vacuum  as  9^^  to  16^  inversely,  or 
as  1000  to  603. 

Taking  now  the  conducting  powers  of  mercury  =  1000,  the 
conducting  powers  of  the  other  mediums,  as  determined  by 
these  experiments,  will  be  as  annexed,  viz. 

Mercury    ,        -        .        -        -  1000 

Moist  air 330            ^ 

Water        -        ....  342 

Common  air,  density  =  1     -        -  80| 

Rarefied  air,  density  =  J     -         .  80j 

Rarefied  air,  density  =  ^    -        •  78 
The  Torricellian  vacuum      '^55 

And  in  these  proportions  are  the  quantities  of  heat  which 
these  different  mediums  are  capable  of  transmitting  in  any 


THE. STRATA  OP  THE  EARTH  IN  LINCOLNSHIRE.       485 

given  time;  and, .consequently,  these  numbers  express  the  re- 
lative sensible  temperatures  of  the  mediums,  as  well  as  their, 
oonducting  powers. 


On  Ihe  Strata  observed  in  sinking  far  Water  at  Boston^  Lin* 
-    cdnshire.    By  Mr.  James  LiMBiRDy  Surveyor  to  the  Cor- 
poration. —  [1787.] 

.  May  7.  1783,  George  Naylor,  of  Louth,  well-borer,  began. 
to.  bore  at  the  well  in  the  Market-Place,  Boston ;  which  had' 
been  sunk  and  bored  to  the  depth  of  186  feet  from  the  sur- 
face, in  1747,  by  Thomas  Partridge.     The  well  was  made 
about  six  feet  in  diameter  at  the  top,  five  feet  at  the  bottom, 
and  27  feet  deep,  and  the  earth  prevented  from  falling  in  by 
a:  circular  frame  of  wood,  which  goes  from  the  surface  of  the 
earth  to  the  depth  of  21  feet  six  inches,  and  is  there  sup- 
ported by  brick-work,  laid  on  a  bed  of  light  coloured  blue 
day,  which  continues  to  the  deptli  of  36  feet  from  the  sur- 
face, where  is  a  bed  of  sand  and  gravel  about  18  inches  thick, 
and  under  it  the  same  sort  of  blue  clay  as  before,  which  con- 
tinues to  the  depth  of  48  feet  from  the  surface.     Below  this 
is  a  bed  of  dark-coloured  stone,  like  rag-stone,  about  six  inches 
thick,  from  under  which  George  Naylor   says   that  a  salt 
sjpring  issues.     Beneath  this  layer  of  stone  is  a  bed  oi  dark-^. 
blue  clay,  which  continues  to  the  depth  of  75  feet  from  the 
surface,  where  is  a  bed  of  stone,  of  a  lightish  colour,  about 
six  inches  thick,  and  under  it  a  bed  of  dark-blue  clay,  which 
continues  to  the  depth  of  114  feet  from  the  surface,. where  is 
a  bed  of  stone,  of  a  brightish  colour,  about  eight  inches  thick, 
and  under  it  a  bed  of  gravel,  about  six  inches,  thick,  where 
Gefttge  Naylor  says  there  is  another  salt  spring.     Utider  the 
gravel  is  a  bed  of  dark-coloured  clay  resembling  black-lead, 
which  continues  to  the  depth  of  174  feet  from  the  surface, 
when  it  chai^ges  to  a  chalky  clay,  intermixed  with  small  peb- 
bles and  flints;  which  continues  about  three  inches,  and  then 
diaiiges  to  the  same  kind  of  dark-coloured  clay  as  before ;  in 
which;  after  boring  to  the  depth  of  186  feet  from  the  surface^ 
he  came  to  the  solid  earth  bored  to,  in  1747,  by  the  above- 
mentioned  Thomas  JPartridge.   After  boring  in  the  same  kind 
of  clay  to  the  depth  of  210  feet  from  the  surface,  it  changes 
to  a  lighter-coloured  one,  which  continues  about  six  inches, 
and  then  changes  dark  again,  and  continues  so  to  the  depth 
of  34^  feet  from  the  surface,  where  is  a  bed  of  shells  and 
white-coloured  earth,  about  half  an  inch  thick,  and  under  it  a 
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light-coloured  earth  like  that  at  210  feet  from  the  surface 
and  under  it  a  bed  of  dark-coloured  clay. 

At  the  distance  of  447  feet  from  the  surface  there  is  a  bed 
of  dark-coloured  earth,  mixed  with  chalk  and  gi-avel,  which 
continues  to  the  depth  of  449  feet  10  inches  from  the  sur- 
face, where  is  a  bed  of  dark-coloured  earth  without  any  chalk 
and  with  very  little  gravel,  which  continues  to  the  depth  of 
454  feet  seven  inches  from  the  surface ;  there  it  changes  to 
a  dark-coloured  earth,  mixed  with  chalk  and  gravel,  which 
continues  to  the  depth  of  456  feet  eight  inches  from  die  sur- 
&ce,  and  then  changes  to  a  dark-coloured  earth  without  any 
chalk,  and  with  very  little  gravel,  which  continues  to  the 
depth  of  457  feet  from  the  surface,  and  then  changes  to  a 
lighter  colour ;  and  this  continues  to  the  depth  of  '462  feet 
and  four  inches  from  the  sur&ce,  where  it  changes   to  a 
darker  colour,  and  so  continues  to  the  depth  of  470  feet  three 
inches  from  the  surface.  Here  the  ground  changes  to  a  dark- 
coloured  earth,  mixed  with  chalk  and  gravel,  which  continues 
to  the  depth  of  470  feet  seven  inches  from  the  surface,  where 
he  came  to  a  bed  of  stone,  like  rag-stone,  about  13  inches 
thick,  which  ground  into  powder  with  the  wimble,  and  mixed 
with  the  earth.     Under  this  bed  of  stone  is  a  dark-coloured 
earth,  without  any  chalk,  and  with  but  little  gravel,  which: 
continues  to  the  depth  of  472  feet  from  the  surface,  when  it 
dianges  something  lighter,  and  continues  so  about  two  inches 
where  the  earth  appears  to  be  mixed  with  chalk  and  gravely 
and  continues  so  for  about  one  inch,  when  it  changes  to  a 
black  silt,  having  a  great  deal  of  light-coloured  sand  in  it. 


()f  Three  Volcanoes  in  the  Moon*    By  Wu*  Herscbsl^ 
K  LL.B.  F.  R.  S.  —  [1787.] 

April  19.  1787,  I  perceive  three  volcanoes  in  different 
places  of  the  dark  part  of  the  new  moon.  Two  of  them  are 
either  already  nearly  extinct,  or  otherwise  in  a  state  of  ap« 
proaching  eruption ;  which,  perhaps,  may  be  decided  next 
lunation.  The  third  shows  an  actual  eruption  of  fire,  or 
luminous  matter. 

April  20.  1787,  the  volcano  bums  with  greater  violence 
than  last  night.  I  beUeve  its  diameter  cannot  be  less  than 
S'^i  by  comparing  it  with  that  of  the  Georgian  planet ;  as  Ju- 
piter was  near  at  hand,  I  turned  the  telescope  to  his  third 
satellite,  and  estimated  the  diameter  of  the  burning  part  of 
the  volcano  to  be  equal  to  at  least  twice  that  of  the  satellite. 
Hence  we  may  compute  that  the  shining  or  burning  matter 
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must  be  above  liiree  miles  in  diameter.  It  is  of  an  irregular 
round  figure,  and  very  sharply  defined  on  the  edges.  The 
other  two  volcanoes  are  much  farther  towards  the  centre  of 
the  moon,  and  resemble  large^  pretty  faint  aebuke,  that  are 
gradually  much  brighter  in  the  middle ;  but  no  well  defined 
luminous  spot  can  be  discerned  in  them*  These  three  spots 
are  plainly  to  be  distinguished  from  the  rest  of  the  marks  on 
the  moon ;  for  the  reflection  of  the  sun's  rays  firom  the  earth 
iBf  in  its  present  situation,  sufBciendy  bright,  with  a  ten«v 
feet  reflector,  to  show  the  moon's  spots,  even  the  darkest  of 
them :  nor  did  I  perceive  any  similar  phenomena  last  luna* 
tion,  though  I  then  viewed  the  same  places  with  the  same 
instrument. 

The  appearance  of  what  I  have  called  the  actual  fire  or 
eruption  of  a  volcano  exactly  resembled  a  small  piece  of 
burning  charcoal,  when  it  is  covered  by  a  very  thin  coat  of 
white  ashes,  which  frequently  adhere  to  it  when  it  has  been 
some  time  ignited ;  and  it  had  a  degree  of  brightness,  about 
as  strong  as  that  with  which  such  a  coal  woiud  be  seen  to 
glow  in  mint  daylight*  All  the  adjacent  parts  of  the  volcanic 
mountain  seemed  to  be  faintly  illuminated  by  the  eruption,  and 
were  gradually  more  obscure  as  they  lay  aca  greater  distance 
from  the  crater. 


Experiments  made  to  determine  the  positive  and  relative  Quan- 

titles  of  Moisture  abaorhed  from  the  Atmosphere  by  various 

Substances,  under  similar  Circu$nstances*    By  Sir  BjenJc 

Thompson,  Eht.  jP.i?./9.— [1787.] 

Haying  provided  a  quantity  of  each  of  the  under-mentioned 

substances;  m  a  state  of  perfect  cleanness  and  purity,,  says  Sir 

B.  T.,  I  exposed  them,  spread  out  on  clean  China  plates,  2^ 

hours  in  the  dry  air  of  a  very  warm  room,  the  last  six  hours 

the  heat  being  kept  up  to  85°  of  Fahrenheit's  thermometer ; 

afler  which  I  entered  the  room  with  a  very  accurate  balancei 

and  weighed  equal  quantities  of  them,  as  expressed  in  the  foL* 

lowing  table.    Then  each  substance  being  equally/ spread  out 

on  a  dean  China  plate,  they  were  removed  into  a  very  large 

uninhabited  room  on  the  second  floor,  where  they  were  ex* 

posed  48  hours,  on  a  table  placed  in  the  middle  of  the  room, 

the  air  of  the  room  being  at  the  temperature  of  45**  F. ;  afler 

which  they  were  carefmly  weighed  in  the  room,  and  were 

found  to  weigh  as  under  mentioned. 

They  were  then  removed  into  a  very  damp  cellar,  and 
placed  on  a  table,  in  the  middle  of  a  vault,  where  the  air^ 
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Hi*  Turiotu  fubstancef . 


Weight  aftef  be- 
inf.  exposed  46 
boUxs  in  a  ooiid 
unlnhi^ted 


lOOOFteti. 

.    Sheep's  wool 
.    Beaver's  fur       - 

The  fur  of  a  Russian  hare 

Eider  down 

Q'lir  5  ^^»  single  thread 

^"*  I  Ravelings  of  white  taffety 

Linen  ^^^°^"^* 


^ich  ^peared  by  the  hygrometer  to  be  completely  satu- 
rated with  moisture,  was  at  the  temperature  of  45^  F. ;  and 
in  this  situation  they  were  suffered  to  remain  three  days  audi 
three  nights,  the  vault  being  hung  round,  during  all  this  time, 
with  wet  linen  cloths,  to  render  the  air  as  damp  as  possible, 
and  the  door  of  the  vault  being  shut.  At  the  end  of  the  three 
days  I  entered  the  vault,  with  the  balance,  and  weighed  the 
various  substances  on  the  spot,  when  they  were  found  to 
weigh  as  is  expressed  in  the  following  table : — 

Weight  after 
being  expose 
ed  7S  hour* 
in  a  damp 
cellar. 
Part*.  FMta. 

1084  1163 

1072  1125 

1065  1115 

1067  1112 

-1057  nor 

1054  nos 

1046  1102 

{Ravelings  of  fine  linen  -     1044  1082 

Cottonwool       .          .-            .     1043  1089 

Silver  wire,  very  fine,  gUt,  and  ^  ,               . 

flatted,  being  the  ravelings  of  V   1000  1000 

gold  lace       .  -  -) 

It  is  well  known,  that  woollen  clothes,  such  as  flannels,  &c. 
Worn  next  the  skin,  greatly  promote  insensible  perspiration. 
May  not  this  arise  principally  firom  the  strong  attraction 
which  subsists  between  wool  and  the  watery  vapour  which  is 
continually  issuing  from  the  human  body  ?  Tliat  it  does  not 
depend  entirely  on  the  warmth  of  that  covering  is  clear.;  for 
the  same  degree  of  warmth,  produced  by  wearing  more 
jclothing  of  a  different  kind,  does  not  produce  the  same  effect 
The  perspiration  of  the  human  body  being  absorbed  by  a 
covermg  of  flannel,  it  is  immediately  distributed  through  the 
whole  thickness  of  that  substance,  and  by  that  means  exposed 
by  a  very  large  surface  to  be  carried  off  by  the  atmosphere ; 
and  the  loss  of  tliis  watery  vapour,  which  tlie  flannel  sustains, 
on  the  one  side,  by  evaporation,  being  immediately  restored 
from  the  other,  in  consequence  of  the  strong  attraction  be- 
tween the  flannel  and  this  vapour,  the  pores  of  the  skin  are 
disencumbered,  and  they  are  continually  surrounded  by  a  dry, 
warm,  and  salubrious  atmosphere. 
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O;:  ^Ae  Natural  History  of  the  Cttekoo*    JG^  Mr.  JEDfVMO 
Jenner.  —  [1788J 

The  first  appearance  of  cuckoos  in  Gloucestcrshii^,  the 
|mrt  of  England  where  these  observations  were  made,  is 
about  the  17th  of  April.  The  song  of  the  male,  which  is 
well  known,  soon  proclaims  its  arrival.  The  song  of  the  fe- 
male, if  the  peculiar  notes  of  which  it  is  composed  may  be  so 
called,  is  wi^ly  different,  and  has  been  so  little  attended  t6« 
|hat  I  believe  few. are  acquainted  with  it.  I  know  not  how 
to  convey  a  proper  idea  of  it  by  a  comparison  with  the  notes 
pf  any  other  bird;  but  the  cry  of  the  dab-chick  bears  the 
Clearest  resemblance  to  it.  .  :^ 

r  The  cuckoo  makes  choice  of  the  nests  of  a  great  variety  of 
small  birds.  I  have  known  its  egg-  entrusted  to  the  care  of 
the  hedge-sparrow,  the  water-wagtail,  the  titlark,  the  yellow 
bummer,  the  green  linnet,  and  the  whinchat.  Among  these 
it  generally  selects  tlie.  three  former;  but  shows  a  much 
greater  partiality  to .  the  he%e-sparrow  than  to  any  of  the 
rest;  therefore,  for  the  purpose  of  avoiding  confusion,  this 
bird  only,  in  the  following  account,  will  be  considered  as  the 
foster-parent  of  the  cuckoo,  except  in  instances  which  tlr«e 
particularly  specified. 

The  hedge-sparrow  commonly  takes  up  four  or  &Ne  days  in 
laying  her  eggs.  .  During  this  time,  generally  after  she  has 
laid  one  or  two,  the  cuckoo  contrives  to  deposit  her  egg 
among  the  rest,  leaving  the  future  care  of  it  entirely  to  the 
hedge-sparrow.  This  intrusion  often  occasions  some  discom- 
posure;, for  the  old  hedge-sparrow,  at  intervals^^while  she/ is 
sitting,  not  unfrequently  throws  out  some  of  her  own  eggsy 
and  sometimes  injures  them  in  such  a  way  that  they  become 
addled ;  so  that  it  more  frequently  happens,  that  only  two  or 
three  hedge-sparrows'  eggs  are  hatched  with  die  cuckoo's^ 
than  otherwise :  but  whether  this  be  the  case  or  not,  she  sits 
the  same  length  of  time  as  if^  no  foreign  egg  had  been  intro* 
duc^d,  the  cuckoo's  egg  requiring  no  longer  incubation  than' 
her  dwn.  However,  I  have  never  seen  ah  instance  where 
^e  hedge-sparrow  has  either  thrown  out  or  injured  the  egg 
of  the  cuckoo.  When  the  hedge-sparrow  has  sat  her  usual 
time,  and  disengaged  the  young  cuckoo  and  ^orae  of  her 
own  offspring  jSrom  the  sliiefi,  her  own  young  ones,  and  any 
of  her  eggs  that  remain  unhatched,  are  soon  turned  out,  the 
young  cuckoo  remaining  possessor  of  the  nest,  and  sole  ob- 
ject of  her  future  care.  The  young  birds  are  not  previously* 
Jdlledy  nor  are  the  eggs  demolished ;  but  all  arejeft  to  perish 
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together,  either  entangled  about  the  bush,  which  contains  die 
nest,  or  lying  on  the  ground  under  it. 

A  hedgensparrow  built  her  nest  in  a  hawthorn-bush  in  a 
timber-yard :  after  she  had  laid  two  eggs,  a  cuckoo  dropped 
in  a  third.     The  sparrow  continued  lapng,  as  if  nothing  had 
happened,  till  she  had  laid  five,  her  usual  number,  and  then 
sat.    On  inspecting  the  nest,  June  20. 1786, 1  found  that  the 
bird  had  hatched  tibis  morning,  and  that  every  thing  but  the 
young  cuckoo  was  thrown  out.    Under  the  nest  I  found  one 
of  the  young  hedge-sparrows  dead,  and  one  egg  by  the  side 
of  the  nest  entangled  with  the  coarse  woody  materials  that 
formed  its  outside  covering. .  On  examining  the  eggy  I  found 
one  end  of  the  shell  a  little  cracked,  and  could  see  that  the 
sparrow  it  contained  was  yet  alive.    It  was  then  restored  to 
the  nest,  but  in  a  few  minutes  was  thrown  out.    The  egg 
being  again  suspended  by  the  outside  of  the  nest,  was  saved 
a  second  time  from  breiddng.    To  see  what  n^ould  happen  if 
the  cuckoo  was  removed,  I  took  out  the  cUckoo,  «nd  placed 
the  egg  containing  the  he<%e-sparrow  in  the  nest  in  its  stead. 
The  old  birds  during  this  time  flew  about  the  spot,  showing 
signs  of  great  anxiety ;  but  when  I  withdrew  they  quic^ 
came  to  the  nest  again.    On  looking  into  it  in  a  quarter  of  an 
hour  afterwards,  I  found  the  yoimg  one  completely  hatched 
warmi  and  lively.    The  hedge-qmrrows  were  suffered  to  re- 
main,, undisturbed,  with  thdr  new  chaige,  for  three  hourSr^ 
during  which  time  the^  paid  every  attention  to  it,  when  the 
cuckoo  was  again  put  mto  the  nest.*   The  old  sparrows  had 
been  so  mudti  disturbed  by  thete  intrusions,  that  for  smne 
time  they  sh^ed  an  unwillingness  to  come  to  it :  however, 
at  len^  they  came,  and  on  examining  the  nest  again  in  a 
few  mmutes,  I  found  the  young  sparrow  was  tumbled  out. 

June  18. 1787,  I.  examined  the  nest  of  a  hedge-^jMurrow,: 
which  then  contained  a  cuckoo's  and  three  hedge-sparrows* 
eggs.  On  inspecting  it  the  day  following,  I  found  the  bird 
had  hatched,  but  that  the  nest  now  contained  only  a  young 
cuckoo  and  one  hedge-sparrow.  The  nest  was  placed  so  near 
the  extremity  of  a  hedge»  that  I  could  distinctly  see  what  was 
going  forward  ii»  it ;  and  to  my  astonishment,  saw  the  young 
cuckoo,  though"^  so  newly  hatched,  in  the  act  of  turning  out 
.the  young  hedge-sparrow/  The  mode  of  accomplishing  this 
was  very  curious.  The  little  animal,  with  the  assistance  of 
its  rump  and  wiags,  contrived  to  get  the  bird  on  its  back,  and 
"^tnaking  a  lodgement  for  the  burden,  by  elevating  its  elbows, 
clambered  backward  with  it  up  the  side  of  the  nest,  till  it 
"Reached  the  top,  where,  resting  for  a  moment,  it  threir  off  it& 
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load  with  a  jerk,  and  quite,  disengi^;ed  it  from  the  tiest.  It 
remained  in  this  situation  a  short  time^  fedii^  about  with  the 
extremi^es  of.  iU  wings,  as  if  to  be  convinced  whether  ilie 
business  was  properly  executed,  and  then  dropped  into  the 
nest  again*  Witli  tliese,  the  extremities  of  its  wings,  I  have 
often,  seen  it  examine,  a^  ^t  were,  an  egg  and  nestling  before 
it  b^gan  its  operations ;  and  the  nice  sensibility  which  diese 
parts  appeai*ed  to  possess  seemed  &ufficiaitly  to  compensate 
the  want  of  aight,  which  as  yet  it  wastlestitute  of.  I  afteiv 
WBxd»  put  in  an  egg,  and  this,  by  a  similar  process,  was 
convened  to  the  edge  of  tlie  nest  and  thrown  out.  Tliese 
experiments  I  have  since  repeated  several  times  in  diifereftt 
nests,  and  have  always  found  the  yoiing  cuckoo  disposed  t^ 
act  in  the  same  manner.  In  climbing  up  the  nest,  it  some* 
times  drops  its  burd^o,  and  thus  is  foiled  in  its  endeavours ; 
but  afler  a  little  respite,  the  work  is  resumed,  and  goes  on 
almost  incessantly  till  it  is  effected.  It  is  wonderful  to  see 
tbe  extriaordtnaiy  exertions  of  the  young  cuckoo,  when  it  it 
two  or  three  days  old,  if  a  bird  be  put  into  the  nest  with  it 
that  is  too  wei^ty  &r  it  to  lift  out.  In  thU  state  it  seeiOB 
ever  restless  and  uneasy. 

.  Having  found  that  the  old  he^^-sparrow  commonly  throw* 
out  some  of  her  own  eggs  after  her  nest  has  received  thl^ 
cuckoo's,  and  not  knowing  how  she  might  treat  hei>yo^Mg 
ones,  if  the  young  cuckoo  was  deprived  oi  the  pow&t/oi  i^ 
possessing  them  G^the  neBt,  2  noade  the  following  ex|yerimetttt 
JiiLy  9w  Myxmhg  cuckoo>  that  had  been  hatched  by  a  hedg^i* 
fipatrow  about  four  hours,  was  confined  in  tlie  nest  hi  duch  II 
manner  that  it  could  not  possibly  turki  out  tliapyoOi^  h^ge« 
^{arrows  which  werl^  hatched  at  the  same  time,  though  U 
was  almost  incessantly  making  attempts  to  effect  it-  The 
consequencewas,  the  oM  bii'ds  fed  th^  whole  alike>  and  ap- 
peared in  every  respect  to  pay  the  saine  attention  t^  t\vAt 
own  ycMing  m  to  the  young  cuckoo. 

The  smallness  of  the  tuckoo's  egg^  iii  {proportion  to  the 
ske  of  the  bird^  is  a  circumstance  that  hitherto,  I  believe)  has 
escaped  l^  notice  oif  the  ornithologist  So^reat  is  the  dis^ 
proportion,  tl^  it  h  in  geneM  smaller  than  tliat  of  the 
house-^paiMw;  whereas  the  diierence  in  the  size  of  the  binU 
16  nearly  as  five  to  one*  I  have  used  the  tei^m  in  geiieraH 
because  e^s  produced  at  iUfferent  times  by  the  siHme  bjfd 
vary  very  much  in  siaae.  I  found  a  cuckoo's  egg  so  light  that 
it  weighed  only  43  grains,  and  one  so  heavy  that  it  weighed 
65  grains.  The  colour  of  the  cuckoo's  eggs  is  extranely  va- 
riaUie,    Some;4M>tli  in  ground  and  penciling^  very  m»ax  re- 
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iemMe  the  faouse-s^^Mirrow's ;  some  are  indistinctly  covered 
wkh  bran-coloured  spots ;  and  others  are  marked  with  lines  oi 
•  blacky  resembling,  in  some  measure,  the  eggs  of  the  "yellow 
'hammer. . 

Thie  circumstance  of  the  young  cuckoos  being  destined  by 
•nature  to  tlu-ow  out  the  young  hedge-sparrows,  seems  to  ac* 
count  for  the  parent-cuckoo's  dropping  her  egg  in  the  nests 
of  birds  so  small  as  those  I  have  particularised.  K  she  ^were 
to  do  this  in  the  nest  of  a  bird  which  produced  a  large  eggf 
saptd,  consequently,  a  large  nestling,  the  young  cuckoo  would 
•probably  find  an  insurmountable  difficulty  in  solely  possessing 
the  nest,  as  its  exertions  would  be  unequal  to  the  labour  of 
$uming  out  the  young  birds.. 

-  It  appears,  a  little  extraordinary,  that  two  cuckoos'  egg» 
should  ever  be  deposited  in  the  same  nest,  as  the  young  one 
produced  from  one  of  them  must  inevitably  perish ;  yet  I 
have  known  two  instances  of  this  kind,  one  of  which  I  shall 
relate.  June  27. 1787,  two  cuckoos  and  a  hedge-sparron^ 
were  hatched  in  the  same  nest  this  morning;  one  hedge* 
sparrow's  egg  remained  unhatched. .  In  a  few  hours  after,  a  con^^ 
test  began  between  the  cuckoos  for  the  possessicm  of  the  nest^ 
9v:bich  continued  undetermined  till  the  next  afternoon,  when 
one  of  them,  which  was  somewhat  superior  in  size,  turned  out 
the  other,  together  with  the  young  hedge?sparrow  and  the 
unhatched  egg.  This  contest  was  very  remarkable.  The 
combatants  alternately  appeared  to  have  the  advantage,  as 
each  carried  the  other  several  times  n,early  to  the  top  of  the 
pest,  and  then  simk  down  again,  oppressed  by  the  weight  of 
its  burden,  tiU  at  length,  after  various  efforts,  4iie  strongest 
prevailed,  ana  was  a^rwards  brought  yp  by  the  hedges 
sparrows.  / 

.  To  what  cause  may  we  attribute  these  singularities  of  the 
euckoo?  May  they  not  be  owins  to  the  following  circum- 
stances ?  The  short  residence  this  bird  is  allowed  to  make  ia 
the  country  where  it  is  destined  to  propagate  its  species,  and 
the  call  that  nature  has  on  it,  during  that  short  residence,  to. 
produce  a  numerous  progeny.  The  cuckoo's  first  appearance 
here  is  about  the  mid<Se  of  April,  commonly  on  the  17th. 
its  egg  is  not  ready  for  incubation  till  some  weeks  after  its 
arrival,  seldom  before  the  middle  of  May.  A  fortnight  is 
taken  up  by  the  sitting  bird  in  hatching  the  e^.  The  young 
bird  generally  continues  three  weeks  in  the  nest  before  it 
fiies,  and  the  foster-parents  feed  it  more  than  Bve  weeks  after 
this  period ;  so  that,  if  a  cuckoo  should  be  ready  with  an 
egg  much  sooner  than  the  time  pointed  put,^ot^  ^ingl.e 
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Hustling,  even  one  a£  the  ^wliest,  would  be  fit  to  provide  for 
itself  before  its  parent  would  be  instinctively  directed  to  sedt 
a  new  residence,  and  be  thus  cotnpelled  to  abandon,  its  young 
one ;  for  old  cuckoos  take  their  final  leave  of  this  country  the 
first  week  in  July. 

Among  the  many  peculiarities  of  the  young  cuckoo^  there 
is  one  that  shows  itself  very  early.  Long  befpre  it  leaves  the 
nest,  it  frequently,  when  irritated,  assumes  the  manner  of  a 
bird  of  prey,  looks  ferocious,  throws  itself  back,  and  pecks  at 
any  thing  presented  to  it  with  great  vehemence,  often  at  th^ 
same  time  making^  a  chuckling  noise  like  a  young  hawk« 
Sometimes,  when  disturbed  in  a  smaller  degree,  it  makes  a  kind 
of  hissing  noise,  accompanied  with  a  heaving  motion  of  the 
whole  body.  The  growth  of  the  young  cuckoo  is  uncom** 
monly  rapid.  The  chirp  is  plaintive,  like  that  of  the  hedged 
sparrow;  but  the  sound  is  not  acquired  from  the  foster-parent, 
Us  it  is  the  same  whether  it  be  reared  by  the  hedge-sparrow 
or  aii^otheir  bird.  It  never  acquires  the  addt  note  during  its 
stay  m  this  country. 

rhere  seems  to  be  no  precise  time  fixed  for  Uie  departing 
of  young  cuckoos.  I  believe  they  go  off  in  succession,  pro^ 
bably  as  soon  as  they  aire  capable  of  taking  care  of  them* 
ielves;  for- though  they  stay  here  till  they  become  nearly 
equal  in  size  and  growth  of  plumage  to  the  old  cuckoo,  yet 
in  diis  very  state  the  fostering  care  of  the  hedge-sparrow  is 
not  withdrawn  from  them.  I  have  fi*equently  seen  tlie  young 
cuckoo  of  such  a  size  that  the  hedge-sparrow  has  perched  on 
its  back,  or  half-expanded  wing,  in  order  to  gain  sufficient 
elevation  to  put  the  food  into  its  mouth.  At  this  advanced 
stage,  I  believe  that  young  cuckoos  procure  some  food  foi^ 
themselves ;  like  the  young  rook,  for  instance,  which  in  pieut 
feeds^  itself,  and  is  pardy  fed  by  the  old  ones  till  the  approach 
of  the  pairing  season.  If  they  did  not  go  o£Pin  succession,  it 
is  probable  we  should  see  them  in  large  numbers  by  the  mid- 
dle of  August ;  for,  as  they  are  to  be  found  in  great  pl^ty^ 
when  in  a  nestling  state,  they  must  now  appear  very  nume-' 
rous,  since  all  of  them  must  have  quitted  the  nest  before  this 
time.  But  this  is  not  the  case ;  for  they  are  not  more  nume- 
rous at  any  season  than  the  parent-birds  are  in  the  months 
of  May  and  June. 

The  same  instinctive  impulse  which  directs  the  cuckoo  to 
deposit  her  eggs  in  the  nests  of  other  birds  directs  her 
young  one  to  throw  out  the  eggs  and  young  of  the  owner  of 
the  nest.  The  scheme  of  nature  would  be  incomplete  with- 
out it ;-  for .  it  would  be  extremely  difficult,  if  not  impossiblei^ 
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fer  the  little  birds,  d^tined  to  find  succour  for  the  cudcoo,  to 
find  it  also  for  their  own  ycmng  one8»  after  a  certain  period  ; 
nor  would  there  be  room  for  the  whole  to  inhabit  the  nest* 


Catalogue  of  a  27um$andrfnew  Nebula  and  Cltisters  of  Stars; 
with  a  few  introductory  Remarks  on  the  Construction  €>f  the 
Heavens.    By  Wm.  HERScuELy  LL.D.  F. R.  /S^-—  [1789.] 
The  method  I  have  taken  of  analysing  the  heavens,  as  .it- 
w^e,  is  perhaps  the  only  one  by  which  we  can  arrive  at  a 
knowledge  of  their  construction.    In  the  prosecution  of  so 
OKt^isive  an  iHidertaking^  it  may  well  be  si^)posed  that  many 
things  must  have  been  suggested,  by  the  great  variety  in  tlie 
cMrder,  the  size,  and  the  comprcfision  of  the  stars,  as  thejr  pie* 
amited  thoooflelves  to  my  view. 

To  bc^in  our  investigation  according  to  some  order»  let  ua 
depart  firom  the  objects  immediately  around  us  to  the.nrost 
remote  that  our  telescopes,  of  the  greatest  power  to  penetrate 
into  space,  can  reach.  From  the  earth,  considered  as  a  planet^ 
8ii,d  the  mo<m  as  its  satellite,  we  pass  through  the  region  of 
th^  rest  of  the  planets,  and  their  satellites.  The  sin^arity 
between  all  these  bodies  is  sufficiently. striking  to  allow  ua  to 
comprehend  them  under  one  general  definition,  of  bodies  n<^ 
luminous  in  themselves,  revolving  round  the  sim.  The  great 
diminution  of  light,  when  reflected  firom  such  bodies,  espe* 
cially  when  they  are  also  at  a  great  distance  from  tlie  l^hl 
which  illuminates  them,  precludes  all  possibility  of  fi^Uewiog 
them  a  great  way  into  space.  This  consideration  brii^  ua 
back  to  the  sun^  as  a  refulgent  fountain  of  light,  while  it 
establishes,  at  the  same  time,  beyond  a  doubt,  t&it  every  ats 
must  likewise  be  a  sun,  shining  by  its  own  native  brightness, 
iiere,  then,  we  come  to  the  more  capital  parta  of  the  great 
C(»istruction. 

.  These  suns,  every  one  of  which  is  probably  of  as  much 
consequence  to  a  system  of  planets,  satellites,  and  comets,  at 
Oiur  own  sun,  are  now  to  be  considered,  in  their  turn,  a»  the 
minute  parts  of  a  proportionall¥  greater  whole*  By 
my  analysis  it  appears,  that  the  heavens  consist  of  regions 
where  suns  are  gathered  into  separate  systems,  and  that  the 
catalogues  I  have  given  comprehend  a  list  of  such  sjnitemss 
but  may  we  not  hope  that  our  knowledge  will  not  stop  short 
at  the  bare  enumeration  of  phenomena  capable  of  giving  us  86 
mucli  instruction  ?  Why  should  we  be  less  inquisitive  than  the 
natural  philosopher,  who  sometimes,  evenlBrom  an  inconsider^ 
able  number  of  specimens  of  a  plants  or  an  anin^  is  emdMed 
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to  present  us  with  the  history  of  its  rise,  progress,  and  decay? 
Let  us  then  compare  together,  and  class  some  of  these  num&* 
rout  sidereal  groups,  that  we  may  trace  the  operations  of  natusal 
causes  as  far  as  we  can  perceive  their  agency*  The  moit 
simple  form,  in  which  we  can  view  a  sidereal  system»  is  that  of 
being  globular.  This  also,  very  favourably  to  our  design,  is 
tiiat  which  has  presented  itself  most  frequently,  and  oiwhkii 
I  have  given  the  greatest  collection. 

.  But  first  of  all  it  will  be  necessary  to  explain  what  is  our 
idea  of  a  cluster  of  stars,  and  by  what  means  we  have  oIh 
tamed  it.  For  an  instance,  I  shall  take  the  phenomenon 
which  presents  itself  in  many  clusters ;  it  is  that  of  a  number 
of  lucid  spots,  of  equal  lustre,  scattered  over  a  circular  spaoe^ 
in  such  a  manner  as  to  appear  gradually  more  compresed  to- 
wards the  middle ;  and  which  compression,  in  the  clusters  to 
which  I  allude,  is  generally  carried  so  far  as,  by  imperceptible 
degrees,  to  end  in  a  luminous  centre,  of  a  resolvable  blaze  of 
Cg^t.  To  solve  this  appearance,  it  may  be  conjectured  that 
fttars  of  any  given,  very  unequal  magnitudes,  may  easUy  be 
so  arranged,  in  scattered,  much  extended,  irr^ular  rows,  as  to 
produce  the  above-described  picture;  or,  that  stars,  scat* 
tered  about  almost  promicuously  within  the  fhistrum  of  a 
giten  cone,  may  be  assigned  of  such  properly  diversified  mag- 
nitudes as  also  to  form  the  same  picture.  But  who,  tibat  is 
acquainted  with  the  doctrine  of  chancels,  can  seriously  main- 
Um  such  improbable  conjectures  ?  To  consider  this  only  in  a 
very  coarse  way,  let  uff  suppose  a  cluster  to  consist  of  5000 
liters,  aind  that  each  of  them  may  be  put  into  one  of  ^000 
given  places,  and  have  one  of  5000  assigned  magnitudes^ 
llien,  without  extending  our  calculation  any  further,  we  have 
25,000,000  of  chances,  out  of  which  only  one  will  answer  the 
above  improbable  conjecture,  while  all  the  rest  are  agahist  it- 
When  we  now  remark  that  this  relates  only  to  the  given  places 
within  the  frustrum  of  a  supposed  cone,  whereas  these  stars 
might  have  been  scattered  fiJl  over  the  visible  space  of  the 
heavens  ;  that  they  might  have  been  scattered,  even  within 
the  supposed  cone,  in  a  million  of  places  different  firom  the 
assumed  oned,  the  chance  of  this  apparent  cluster  not  being 
a  real  one  will  be  rendered  so  highly  improbable  that  it 
ought  to  be  entirely  rejected. 

Mr.  Michell  computes,  with  respect  to  the  six  brightest 
stars  of  the  Pleiades  only,  t^at  the  odds  are  near  500,000  to  1, 
that  no  six  stars,  ^ut  of  the  number  of  those  which  are  equal 
in  splendour  to  the  faintest  of  them,  scattered  at  random  in 
tile  whole  heavens,  would  be  within  so  small  a  distance  from 
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each  other  as  the  Pleiades  are.  Taking  it,  then,  for  granted, 
that  the  stars  which  appear  to  be  gathered  together  in  a  group 
are  in  reality  thus  accumulated,  I  proceed  to  prove  also  that 
Ihey  are  nearly  of  an  equal  magnitude. 
.  I'he  cluster  itself,  on  account  of  the  small  angle  it  subtends 
to  the  eyej  we  must  suppose  to  be  very  far  removed  from  us. 
«For,  were  the.  stars  which  compose  it  Bt  the  same  distance 
from  one  another  as  Sirius  is  from  the  sun,  and  supposing 
tile  cluster  to  be  seen  under  an  angle  of  10  minutes,  and  to 
•contain  50  stars  in  one  of  its  diameters,  we  should  have  the 
mean  distanceof  suchstars  12seponds ;  and  therefore,  the  dis* 
tance  of  the  cluster  iSrom  us  about  17>000  times  greater  than 
jthe  distance  of  Sirius. 

Now,  since  the  apparent  magnitude  of  these  stars  is  equal, 
«nd  their  distance  from  us  is  also  equal, — because  wa  may 
safely  neglect  the  diameter  of  the  cluster,  which,'  if  the  centre 
be  nfiOO  times  the  distance  of  Sirius  firOm  us,  will  give  us 
.17,0S5  for  the  farthest,  and  17,000  wanting  25  for  the  ne«:est, 
Star  of  the  cluster  ;  —  it  follows,  that  we  must  either  give  up 
the  idea  <»f  a  cluster,  and  recur  to  the  above  refuted  suppositipD,^ 
or  admit  ^e  equality  of  the  stars  that  compose  these  clusters. 
It  is  to  be  remarked,  that  we  do  not  mean  entirely  to  exdqde 
aU  variety  of  size ;  for  the  very  great  distance,  and  the  omse-, 
quent  smallness  of  the'component  clustering  stars,  will  not  per« 
mit  us  to  be  extremely  precise  in  the  estimation  of  their  magni- 
tudes ;  though  we  have  certainly  seen  enough  of  them  to. 
know  that  Uiey  are  contained  within  pretty  narrow  limits  s- 
and  do  not  perhaps  exceed  each  other  in  magnitude,  moie^ 
than  in  some  such  proportion  as  one  full-grown  plant  of  acer* 
teinispecies  may  exceed  another  full-grown  plant  of  the  same 
species. 

,  If  we  have  drawn  proper  conclusions  relating  to  the  size  o£ 
stars,  we  may  with  still  greater  safety  speak  of  their  relative 
situations,,  and  affimy,  that  in  the  same  distances  from  the  cen*^ 
tre  an  equal  scattering  takes  place.  If  this  were  not  the  case^ 
the  appearance  of  a  cluster  could  not  be  uniformly  increasing 
m  brightness  towards  the  iniddle,  but  would  appear  nebulou% 
in  those  parts  which  were  more  crowded  with  stars ;  but,  aS; 
&r  as  we  can  distinguish,  in  the  clusters  of  which  we  spea^ 
every  concentric  circle  maintains  an  equal  degree  of  compres* 
sion,  as  long  as  the  stars  are  visible ;  and  when  they  become 
top  crowded  to  be  distinguished,  an  equal  brightness  taketk 

[Aace,  at  equal  distances  from  the  centre,  which  is  the  most 
uminous  part. 
^  The  next  step  in  my  argument  will  be  to  ^ow  that  thes^ 
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clusters  are  of  a  globular  ^omi.  This  again  we  rest  on  the 
sound  doctrine  of  chances.  Here,  by  way  of  strength  to  our 
ailment,  we  may  be  allowed  to  take  in  all  round  nebulae, 
though  the  reasons  we  have  for  believing  that  they  consist  of 
gtars  have  not  as  yet  be^i  entered  into.  For  what  I  have  to 
say  concerning  their  spherical  figure  will  equally  hold  good, 
whether  they  be  groups  of  stars  or  not.  In  my  catalogues  we 
have,  I  suppose,  not  less  than  1000  of  these  round  objects*^ 
Now,  whatever  may  be  the  shape  of  a  group  of  stars,  or  of  a 
nebula,  which  we  would  introduce  instead  of  the  spherical  one, 
'such  as  a  cone,  an  ellipsis,  a  spheroid,  a  circle  or  a  cylinder,  it  will 
be  Evident  that  out  of  1000  situations,  which  tlie  axes  of  sucIl 
^rms  may  have,  there  is  but  one  that  can  answer  the  pheno* 
menon  for  whicli  we  want  to  account ;  and  that  is,  whea 
those  axes  are  exactly  in  a  line  drawn  from  the  object  to  the 
place  of  the  observer.  Here,  again,  we  have  1,000,000  of 
chances,  of  which  all  but  one  are  against  any  other  hypothesis 
than  that  which  we  maintain,  and  which,  for  this  reason 
ott^  to  be  admitted. 

The  last  thing-  to  be  inferred  from  the^  above-related  i^^ 
pearances  is,  that  these  clusters  of  stars  are  more  condensed 
towards  the  centre  than  at  the  surface.  If  there  should  be  a 
group  of  stars  ia  a  spherical  form,  consisting  of  such  as  were 
^ually  scattered  over  all  the  assigned  space,  it  would  not  ap- 
pear to  be  very  gradually  more  compressed  and  brighter  iil. 
Ihe  middle,  much  less  would  it  seem  to  have  a  bright  nucleua 
in  the  centre.  A  spherical  cluster  of  ah  equal  compresaiojx 
within, — for  that  such  there  are  will  be  seen  hereafter, — may- 
be distinguished  by  the  degrees  of  brightness  which  take 
place  HI  going  from  the  centre  to  the  circiunference,  Nowv 
as  a  gradual  increase  of  brightnesis  does  not  agree  with  the  de*> 
grees  calculated  from  a  supposition  of  an  equal  scattering,  and 
as  the  cluster  has  been  proved  to  be  spherical,  it.must  needa 
be  admitted  that  there  is  indeed  a  greater  accumulation  to* 
wards  the  centre.  And  thus,  from  the  above-mentioned  ap-. 
pearances,  we  come  to  know  that  there  tace  globular  clusters 
of  stars  nearly  equal  in  size,  which  are  scattered  evenly  at 
equal  distances  from  the  middle,  but  with  an  increasing  ac*. 
cumulation  towards  the  centre.  The  formation  of  round 
clusters  of  stars  and  nebulae  is  either  owing  to  central  powers^ 
or  at  least  to  one  such  force  as  refers  to  a  centre.  Since^ 
then,  almost  all  the  nebulae  and  clusters  of  stars  I  have  seen, 
the  number  of  which  is  not  less  than  2300,.  are  more  con-, 
densed  and. brighter  in  the  middle;  and  since,  from  every 
form,  it  is  now  equally,  apparent  that  the  central  accumulfttioii 
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or  brightness  must  be  the  result  of  central  powers,  we  may 
▼eoture  to  affirm  that  this  theory  is  no  longer  an  unfounded 
hypothesis,  but  is  fully  established  on  grounds  which  cannot 
be  overturned. 

Some  of  these  round  clusters  consist  of  stars  of  a  certaia 
magnitude,  and  given  degree  of  compression,  while  the 
whole  cluster  itself  takes  up  a  space  of  perhaps  10  minutes; 
others  appear  to  be  made  up  of  stars  that  are  much  smaller, 
and  much  more  compressed,  when  at  the  same  time  the 
cluster  itself  subtends  a  much  smaller  angle,  such  as  5  minutes. 
This  diminution  of  the  appar^it  size,  and  compression  of 
stars,  as  well  as  diameter  of  the  cluster  to  four,  three,  two 
Biinutes,  may  very  consistently  be  ascribed  to  the  different 
distances  of  these  clusters  from  the  place  in  whidi  we  ob* 
serve  them ;  in  all  which  cases  we  may  admit  a  general 
equiidity  of  the  sizes,  and  compression  of  the  stars  th$it  com* 
pose  them,  to  take  place.  Other  clusters  there  ape  that^ 
wheaa.  they  come  to  be  compared  with  some  of  the  form^ 
seem  to  contain  stars  of  an  equal  magnitude,  while  their  cont^ 
piBssion  i^pears.to  be  considerably  different. 

This  method  of  viewing  the  heavens  seems  to  throw  them 
into  a  new  kind  of  light.  They  now  are  seen  to  resemble  a 
hncoriant  garden,  which  contains  the  greatest  variety  of  pro* 
ductions,  in  different  flourishing  beds ;  and  oiie  advant^^  we 
may  at  leai^  reap  from  it  is,  that  we  can,  as  it  were,  extend 
the  range  of  our  experience  to  an  immense  duration.  For» 
to  continue  the  simile  I  have  borrowed  from  the  vegetable 
Idngdom,  is  it  not  ahnost  the  same  thing,  whether  we  live  sue* 
eessiyely  to  witness  the  germination,  blooming,  foliage,  fe- 
cundity, &ding,  withering,  and  corruption  of  a  plant,  or  whe* 
ther  a  vast  number  of  specimens,  selected  from  every  stagey 
through  which  the  plant  passes  in  the  course  of  its  eitisteac^ 
be  brou^t  at  once  to  our  view? 

Dr.  H.  then  adds  the  catalogue  of  the  IQOO  new  nebulas 
yimd  clusters  of  stars :  the  numbers,  dates  of  observation,  name% 
situations,  and  several  other  characteristic  circumstances,  are 
arranged  in  eight  columns  of  a  table,  which  is  divided  into 
eight  dasses  or  collections : — The  first  class  is  of  such  as  are 
entitled,  from  their  appearance  in  the  heavens,  bright  nebidfles 
the  second  class  are  the  faint  nebulse ;  the  third  ck^s,  the  veiy 
faint nebulsB;  the  fourth  class,  planetary  nebulae;  the  fifia 
class,  very  large  nebulae ;  the  sixth  class,  very  compressed^ 
and  clusters  of  stars ;  the  seventh  class,  pretty  much  com- 
fn-essed  clusters  of  large  or  small  stars ;  and  the  eighth,  or  last 
claas,  coarsely  scattered  clusters  of  stars.         n  ^^^i^ 
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J  of  a  sixth  and  seventh  ScUeUite  of  the  Planet  Saturn  ^ 

with  Remarks  on  ih€  Construction  (fits  Ring^  its  Atmosphere^ 

its  Rotation  on  an  Axis,  and  its  Spheroidical  Figure^    S^ 

Wm.  HERscHELy  LL.D.  F.R.S.—[\190.'] 

He  presents  an  account  of  two  new  satellites,  which  he  dis<* 

covered  by  means  of  his  large  4<(Vfoot  telescope ;  and  has 

called  them  the  sixth  and  seventh,  though  their  situation  in 

the  Satumian  system  entitles  them  to  the  first  and  secmid 

place. 

The  planet  Saturn  is,  perhaps,  one  of  the  most  engaging 
objects  that  astronomy  oners  to  our  view.  He  observes,  that 
tiie  black  disk,  or  belt,  on  the  ring  of  Saturn,  is  not  in  the 
middle  of  its  breadth ;  nor  is  the  rin^  subdivided  by  many 
such  lines,  as  has  been  represented  in  divers  treatises  of 
astronomy;  but  that  there  is  one  single,  dark,  considerably 
Inroad  line,  belt,  or  zone,  on  the  rin^  which  he  alwa)^  penna<* 
nently  found  in  the  same  place.  From  his  observations  it 
appears,  that  the  zone  oa  the  northern  plane  of  the  ring  is  not^ 
like  the  belts  of  Jupiter  or  those  of  Saturn,  subject  to  variatioQa 
of  colour  and  figure ;  but  is  most  probably  owing  to  some 
permanent  construction  of  the  surface  of  the  ring  itself*  That^ 
fidwever,  for  instance,  this  black  belt  cannot  be  the  shadow  of 
a  chain  of  mountains,  may  be  gathered  from  its  being  visible 
all  round  on  the  ring ;  for  at  the  ends  of  the  anss  diere  codd 
be  no  shades  visiHe,  on  account  of  the  direction  of  the  sun'a 
illumination,  which  would  be  in  the  line  of  the  chain ;  and  the 
same  argument  will  hold  good  against  supposed  caverns  or 
concavities.  It  is  also  pretty  evicbnt,  that  this  dark  zone  is 
contained  between  two  concentric  circles,  as  all  the  phenomena 
answer  to  the  projection  of  such  a  zone.  Thus,  the  zone  is 
continued  all  round  the  ring,  with  a  gradual  decrease  of 
breadth  towards  the  middle  answering  to  the  appearance  of  a 
narrow  circular  plane,  projected  into  an  ellipsis. 

With  regard  to  the  nature  of  the  ring,  we  may  certainly 
aflirm,  that  it  is  no  less  solid  and  substantial  than  the  planel 
itself.  The  same  reasons  which  prove  to  us  the  scdldity  of  the 
one  will  be  full  as  valid  when  applied  to  the  other.  Thus  we 
see  the  shadow  of  the  body  of  Saturn  on  tlie  ring.  In  the 
same  manner  we  see  the  shadow  of  the  ring  cast  oh  the  planet. 
If  we  deduce  the  quantity  of  matter  contained  in  the  body, 
from  the  power  by  which  the  satellites  are  kept  in  their  orbite, 
and  the  time  of  their  revolution,  it  must  be  remembered,  tliat 
the  ring  is  included  in  the  result.  It  is  also  in  a  very  piarticular 
manner  evident,  that  the  ring  exerts  a  considerable  force  on 
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these  revolving  bodies,  since  we  find  them  strongly  affected 
with  many  irregularities  in  their  motions,  which  we  cannot 
properly  ascribe  to  any  other  cause  than  the  quantity  of  matter 
contained  in  the  ring ;  at  least  we  ought  to  allow  it  a  proper 
share  in  the  effect,  as  we  do  not  deny  but  that  the  considerable 
equatorial  elevation  of  Saturn  must  also  join  in  it. 

The  Hght  of  the  ring  of  Saturn  is  generally  brighter  than 
that  of  the  planet :  for  instance,  the  southern  part  of  the  ring, 
which  passed  before  the  body^  was  seen  very  plainly  brighter 
tlian  the  disk  of  Saturn,  on  which  it  was  projected. 

Dr.  H.  comes  now  to  one  of  the  most  remarkable  properties' 
in  the  construction  of  the  ring,  which  is  its  extreme  thinness. 
When  nearly  in  the  plane  of  die  rin^,  he  repeatedly  saw  the^ 
^-st,  the  second,  and  the  third  satellites,  nay  even  the  sixth 
and  sevendi,  pass  before  and  behind  the  ring  m  such  a  manner 
that  they  served  as  excellent  micrometers  to  estimate  its 
thickness  by.  July  18. 1789,  the  first  satellite  seemed  to  hang 
on  the  following  arm,  declining  a  little  towards  the  norths  and. 
gradually  advanced  on  it  towards  the  body  of  Saturn ;  but  the- 
ring  was  not  so  thick  as  the  lucid  point* 

April  9.  1775,  Dr.  H.  observed  a  northern  belt  on  Saturn^ 
whidi  was  a  little  inclined  to  the  line  of  the  ring.  May  1. 
1776,  there  was  another  belt,  inclined  about  15^  to  the  same, 
line^  but  it  was  more  to  the  south,  and  on  the  following  side, 
came  up  to  the  place  in  which  the  ring  crosses  the  bodv*: 
July  13.  the  belt  was  again  depressed  towards  the  north,, 
almost  touching  the  line  where  the  ring  passed  behind  the 
body.  April  8.  1777,  there  were  two  fine  belts,  both  a  little 
inclmed  to  the  ring.  > 

We  may  draw  two  conclusions  firom  what  has  been  reported. 
The  first,  which  relates  to  the  changes  in  the  appearance  of 
the  belts,  is,  that  Saturn  has  probably  a  very  considerable 
atmoj^here,  in  which  these  changes  take  place ;  just  as  the 
alterations  m  the  belts  of  Jupiter  have  been  i^own>  with 
great  probability,  to  be  in  his  atmosphere.  The  next  inference 
we  may  draw  firom  the  appearance  of  the  belts  on  Saturn  is, 
that  this  planet  turns  on  an  axis,  which  is  perpendicular  to 
the  ring. 

'  There  is  another  argument,  of  equal  validity  with  the 
former,  which  Dr.  H.  now  mentions.  It  is  founded  on  the 
following  observations,  and  will  show  that  Saturn,  like  Jupiter, 
Mars,  and  the  Earth,  is  flattened  at  tlie  poles,  and  therefore 
ought  to  be  supposed  to  turn  on  its  axis.  It  appears  that 
Saturn  is  considerably  flattened  at  the  poles.  And  as  the 
'veatest  measures  wei!e  taken  in.  the  line  of  the  ring  and  of 
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the  belts,  we  are  assured  that  the  axis  of  the  planet  is  per- 
pendicular to  the  plane  of  the  ring,  and  that  the  equatorial 
diameter  is  to  the  polar  nearly  as  11  to  10. 


Observations  on  the  Sugar»Ants.  By  John  Castles^  Esq, 
The  sugar-ants,  so  called  from  their  ruinous  e£Pects  on  the 
sugar-cane,  first  made  their  appearance  in  Grenada  about  the 
year  1770.  Thence  they  continued  to  extend  themselves  oii 
all  sides,  for  several  years ;  destroying,  in  succession,  every 
sugar-plantation  between  St.  George's  and  St.  John's,  a  space 
of  about  12  miles. 

All  attempts  of  the  planters  to  put  a  stop  to  the  ravages  of 
these  insects  having  been  found  ineffectual,  it  well  became 
the  legislature  to  offer  great  public  rewards  for  discovering  a 
practicable  method  of  destroying  tihem,  so  as  to  permit  the 
<niltivation  of  the  sugar-cane  as  formerly.  Accordingly,  an 
act  was  passed,  by  which  such  discoverer  was  entitled  to 
^,000/.,  to  be  paid  from  the  public  treasury  of  the  island, 
in  Grenada  there  had  always  been  several  species  of  antSy 
differing  in  size,  colour,  &c.  which,  however,  were  perfectly 
innocent  with  respect  to  the  sugar-cane.  The  ants  m  ques- 
■tion,  on  the  contrary,  were  not  only  highly  injurious  to  it, 
but  to  several  sorts  of  trees,  such  as  die  lime,  lemon^ 
orange,  &c. 

Their  numbers  were  incredible.  The  roads  are  seen  co- 
loured by  them  for  miles  together ;  and  so  crowded  were 
they  in  many  places,  that  the  print  of  the  horses*  feet  would 
appear  for  a  moment  or  two,  till  filled  up  by  the  surroundii^ 
multitude.  All  the  other  species  of  ants,  though  numerous, 
were  circumscribed  and  confined  to  a  small  spot,  in  propor- 
*tion  to  the  space  occupied  by  the  cane-ants,  as  a  mole-hill  to 
a  moimtain.  The  common  black  ants  of  that  country  had 
their  nests  about  the  foundation  of  houses  or  old  walls; 
others  in  hollow  trees ;  and  a  large  species  in  the  pastures, 
descending  by  a  small  aperture  under  ground.  The  sugar- 
ants  universally  constructed  their  nests  among  the  roote  of 
particular  plants  and  trees,  such  as  the  sugar-cane,  lime, 
lemon  and  orange  trees,  &c.  ' 

The  use  of  fire  afforded  a  great  probability  of  success ; 
for  it  was  observed,  that  if  wood,  burnt  to  the  state  of  char- 
coal, without  flame,  and  immediately  taken  from  the  fire,  was 
laid  in  their  way,  they  crowded  to  it  in  such  amazing  num- 
bers as  soon  to  extinguish  it,  though  with  tlie  destruction  of 
thousands  of  them  in  effecting  it.    This  part  of  their  history 
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am>ears  scarcely  credible;  but,  on  making  the  experiment 
Smself,  Mr,  C.  found  it  literally  true.  He  laid  fire,  as  above 
described,  where  there  appeared  but  a  very  few  ants,  and  in 
the  course  of  a  few  minutes  thousands  were  seen  crowding  to 
it  and  on  it,  till  it  was  perfectly  covered  by  their  dead  bodies. 
Holes  were  therefore  dug  at  proper  distances  in  a  cane-pieoe, 
and  fire  made  in  each  of  them.  Prodigious  quantities  pe- 
rished in  this  way;  for  those  fires,  wh^  extinguished,  ap- 
peared in  the  shape  of  mole-hills,  from  the  numbers  of  their 
dead  bodies  heaped  on  them.  Yet  they  soon  appeared 
aeain  as  numerous  as  ever. 

This  calamity,  which  resisted  so  long  the  efforts  of  the 
planters,  was  at  length  removed  by  another,  which,  however 
ruinous  to  the  other  islands  in  the  West  Indies,  and  in  other 
respects,  was  to  Grenada  a  very  great  blessing,  namely,  the 
hurricane  in  1780.  These  ants  make  their  nests,  or  cells  for 
the  reception  of  their  eggs,  only  under  or  among  the  roots  of 
such  trees  or  plants  as  are  not  pnly  capable  of  protecting 
tliem  from  heavy  rains,  but  are  at  the  same  time  so  firm  in 
the  ground  as  to  afibrd  a  secure  basis  to  support  them  against 
any  injury  occasioned  by  the-  agitation  of  the  usual  winds. 
This  double  qualification  the  sugar-cane  possesses  in  a  very 
great  degree ;  for  a  stool  of  canes,  which  is  the  assemblage 
of  its  numerous  roots  where  the  stems  begin  to  shoot  out,  is 
almost  impenetrable  to  rain,  and  is  also,  firom  the  amazing 
numbers  and  extension  of  the  roots,  firmly  fixed  to  the 
ground.  — At  Duquesne,  particularly  at  that  time,  they  were 
pernicious  in  the  highest  degree,  spreading  themselves  on  all 
sides  with  great  rapidity,  when  a  sudden  stop  was  put  to 
their  progress  by  the  hurricane  which  happened  near  the 
middle  of  Octob^  that  year. 

When  by  the  violence  of  the  tempest  heavy  pieces  of  artil* 
lery  were  removed  firom  their  plates,  and  houses  and  sugar* 
works  levelled  with  tlie  ground,  there  can  be  no  doubt  that 
trees  and  every  thing  growing  above  ground  most  have 
greatly  suffered.  This  was  the  case.  Great  numbers  of 
trees  and  plants,  which  resist  commonly  the  ordinary  winds, 
were  torn  out  by  the  root.  The  canes  were  umversally 
either  lodged  or  twisted  about  as  if  by  a  whirlwind,  or  torn 
out  of  the  ground  altogether.  In  the  latter  case,  the  breed- 
ing ants,  with  their  progeny,  must  have  Deen  exposed  to  in- 
evitable destruction  from  the  deluge  of  rain  which  fell  at  the 
same  time.  The  number  of  canes,  however,  thus  torn  out  of 
the  ground,  could  not  have  been  adequate  to  the  sudden 
diminution  of  the  sugar-ants ;  but  it  is  easy  to^onceive  that 
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the  roots  of  canes  which  remained  on  the  ground,  and  the  earth 
about  them,  were  so  agitated  and  shaken,  and  at  the  same 
time  the  ants'  nests  were  so  broken  open,  or  injured  by  the 
violence  of  the  wind,  as  to  admit  the  torrents  of  rain  accom- 
panying  it.  Probably,  therefore,  the  principal  destruction 
of  uiese  ants  must  have  been  thus  effected. 


On  BaaaUes  and  Granite.    By  Thos.  Seddoes,  M*D, 

All  our  opinions  on  the  formation  of  rocks  and  mountains, 
except  volcanic  mountains,  must  of  necessity  rest  on  analogical 
reasoning,  since  we  have  no  direct  testimony  concerning  their 
origin.  Hence,  whatever  portion  of  the  mineral  kingdom  is 
but  little  connected  with  our  experience  of  the  action  of  tire 
or  water  must  be  slightly  passed  over.  Basaltes  has  been 
much  more  the  subject  of  disputation  than  granite ;  the 
former  species  of  rock  offering  appearances  that  coincide  in 
some  degree  with  both  kinds  of  chemical  processes,  while  the 
latter  seems  to  stand  aloof  irom  the  experiments  that  have 
given  birth  to  our  sciences. 

Under  the  term  basaltes  he  comprehends  that  vast  natural 
&mily  of  rocks  which  is  frequently  cracked  into  regular  colon* 
nades,  and  may  be  followed  in  an  unbroken  series  from  this 
perfect  form,  through  endless  modifications,  to  the  most 
shapeless  mass  of  trap  or  whinston^.  Though  frequently  o£ 
an  iron-grey  colour  and  uniform  texture,  this  species  of 
stone  varies  greatly  in  both  these  characters,  even  in  the  same 
rock.  In  particular,  it  passes,  by  the  most  insensible  ^ada- 
tions,  both  to  the  porphyries  with  which  it  coincides  m  ap- 
pearance, in  composition,  and  doubless  also  in  origin,  and  to 
the  homstein  of  the  Germans ;  a  term  including  petrosilex 
and  several  sorts  of  close-grained  whinstone,  of  which  there 
are  found  in  England  varieties  with  a  conchoidal  fracture, 
semi-transparent  at  the  edges,  and  in  other  respects  fast  ap- 
proaching to  a  siliceous  nature.  The  first  step  in  the  pro- 
gression appears  at  the  Giants'  Causeway  in  Ireland.  Many 
of  the  pillars  there  consist  of  fine-grained^  dark-colour^ 
whinstone ;  that  variety  which  may  be  considered  as  most  {per- 
fect, and  as  equidistant  fi*om  porphyry,  petrosilex,  and  granite; 
but  at  the  promontory  of  Fairhead  the  character  of  the  stone 
is  seen  to  alter,  and  it  has  lately  been  described  as  an  imper- 
fect kind  of  granite.  Hence  we  are  led  by  regular  approaches 
to  perfect  prisms  of  granite,  accompanied  bv  prisms  of  com- 
mon whinstone,  and  not  less  obviously  than  the  different 
ranches  on  the  coast  of  Antrim  betraying  a  common  origin 
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Attempts  have  been  made  to  set  up  boundaries  between 
the  columnar  granite  of  the  Euganean  hills,  the  granite  of 
the  volcanic  provinces  of  France,  the  granitello  of  the  Ita- 
lians, and  such  granite  as  is  found  to  constitute  high  and  ex- 
tensive ranges  of  mountains.    As  to  a  difference  in  the  size  of 
particles,  and  hardness  of  the  stone,  the  first  distinction  is 
neither  constant,  nor  by  any  means  calculated  to  persuade  us 
that  a  cause,  capable  of  producing  the  one,  is  inadequate  to 
the  production  of  the  other.     It  may  probably  be  explained 
from  the  quantity  of  matter,  more  or  less  perfect  fusion,  a 
different  length  of  time  in  cooling;  and,  in  the  latter  charac- 
ter, he  suspects  the  observers  to  have  been  deceived  by  the 
decay  of  die  rocks  they  inspected.    At  all  events,  lavas  in 
abundance  show,  that  fire  is  capable  of  producing  any  required 
degree  of  compactness. 

By  observations  like  these,  which  the  specimens  Dr.  B» 
either  possesses  or  has  examined  corroborate  and  complete, 
he  is  persuaded,  that  when  once  it  becomes  an  object  of  at- 
tention, persons  who  have  an  opportunity  of  exploring  coun- 
jtries  where  basaltes  and  granite  aboimd,  will  easily  find  a 
succession  of  specimens  beginning  at  the  former  and  termin- 
ating at  the  latter.  Nor  is  it,  perhaps,  difficult  to  assign 
highly  probable  reasons,  why  a  mixture  of  different  earths 
with  more  or  less  of  metallic  matter,  in  returning  from  a  state 
of  fusion  to  a  solid  consistence,  may  assume  sometimes  the 
homogeneous  basaltic,  and  sometimes  the  heterogeneous  gra- 
nitic internal  structure.  No  fact  is  more  familiar  than  that  it 
depends  altogether  on  the  management  of  the  fire,  and  the 
time  of  coohng,  whether  a  mass  shall  have  the  uniform 
vitreous  fracture,  or  an  earthy  broken  srain,  arising  from  a 
confused  crystallisation.  The  art  of  m^dng  Reaumur's  por- 
celain consists  entirely  in  aUowing  the  bl^k  glass  time  to 
crystallise  by  a  slow  refrigeration ;  and  the  very  same  mass, 
according  as  the  heat  is  conducted,  may,  without  any  alter- 
nation of  its  chemical  constitution,  be  successively  exhibited 
any  number  of  times  as  glass,  or  as  a  stony  matter  with  a 
broken  grain.  In  the  slag  of  the  iron  furnaces  the  same 
piece  generally  exliibits  both  these  appearances :  the  upper 
surface  cools  fast,  and  is  glass;  what  lies  deeper  loses  its 
heat  more  gradually,  and  is  allowed  time  to  take  on  the  crys- 
talline arrangement  peculiar  to  its  nature,  in  as  fiir  as  a  num- 
ber of  crystals,  starting  from  various  points  at  once,  and 
crowding  each  other,  wiU  admit  of  it. 

In  the  natural  history  of  granite  and  basaltes,  another 
striking  circumstance  occurs :  they  lie  so  contiguous,  and  are 
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eb  invblved  in.«ach  other>  that  We  ciumot  but  suppose  both 
to  have  undergone  the  same  operations  of  nature  at  the  same 
time.  This  is  seen  with  the  utmost  frequ^icv  on.  every  pos- 
sible scale,  and  under  a  vast  variety  of  momfications.  £x« 
J)eriments  show,  that  almost  all  granites  melt  into  a  black 
glass ;  and,  perhaps,  it  is  no  abuse  of  analogy,  nor  inconsistent 
with  what  has  been  already  remarked,  to  c(mclude>  that  ^a- 
nite,  in  the  state  of  imperfect  fusion,  should  present  a  glassy 
substance,  involving  the  more  infusible  parts  of  which  this 
stone  consists. 

:  In  the  whinstone  rocks  of  England,  which  are  far  more 
numerous  than  is  commonly  supposed,  Dr.  B.  has  often  ob- 
served in  the  same  hill,  1.  homogeneous  dark-grey  stone; 
£•  feldspath  inclosed  in  this  as  in  a  paste ;  and,  8.  the  paste 
disappearing,  and  the  whole  becoming  granular,  and  the  grams 
beterogeneous.  Besides  feldspath,  qjuariz  is  found  in  innu- 
ftierable  masses  of  var3ring  magnitude  m  many  whinstone  rocks ; 
and  as  prc^r  basaltes  is  but  a  conf\ised  mass  of  crystals  of 
shoerl,  we  have  all  the  ingredients  of  granite ;  and  why  may 
we  not  expect  to  find  them  incorporated  together,  and  in  every 
State  of  diffusion  and  separation? 

-  There  is  still  another  analogy  between  basaltes  and  granite, 
9)ore  important  to  the  theory  of  the  earth,  and  less  liable  to 
controversy  tlian  either  of  the  preceding.  In  their  situation, 
with  fespect  to  other  rocks,  we  may  observe  the  same  law. 
The  general  rule  of  super-position,  reckoning  from  below 
upwards,  is,  1.  granite ;  2.  scfiistus ;  3.  lime-stone.  This  rule 
has  been  found  to  hold  good  by  so  many  mineralogical  tra- 
yellers,  that,  though  it  may  not  be  absolutely  universal,  it  must 
be  allowed  to  prevail  very  extensively.  Now,  in  this  island 
there  are  numerous  instances  where  basaltes  is  substituted  in 
the  series  instead  of  granite,  and  where  it  seems  to  alternate 
with  granite  as  the  substratum  of  other  roeks.  On  the  road 
from  Dolgelly  in  Merionethshire,  by  Mallwhyd  and  Cannes 
0£Sice,  through  Llanfair  to  Welchpool,  schistus  appears  always 
incumbent  on  whinstone,  except  sometimes  when  the  latter 
is  interjected  between  the  strata,  or  squeezed  up  through 
fissures.  In  Wales  (he  country  is  so  hilly,  that  the  limestone, 
if  it  existed,  has  probably  been  washed  away ;  but  on  the  con- 
fines of  England  it  comes  in.  The  road  from  Welchpool  to 
Shrewsbury  passes  ov^r  the  side  of  the  Long  Mountain,  which 
consists  of  schistus ;  pn  the  lefl,  or  towards  the  east,  rise  some 
considerable  basaltic  hills.  The  strata  of  the  Long  Mountain 
point  towards  the  summit  of  these  hills,  as  if  the  narrow 
riOey  tha^  intervenes  h^  been  cut  by  water  on  the^ifbed  edg^ 
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<»f  ^e  schistus.  At  a  small  distance  from  the  north  and  soudi 
tides  of  the  basaltic  hiUs  calcareous  strata  are  found.    Beyond 
SOirewsbury,  on  the  road  to  London,  we  have,  instead  of  the 
cmitinued  ridges  (^  Wales,  a  number  of  insulated,  and  ge» 
iieri^y  rugged,  points,  rising  over  the  face  of  Shropshire  aii4 
ilie  aqfacent  counties.    Were  the  plains  covered  with  water 
a  few  yards  in  depth,  these  eminences  would  i^pear  froa 
distance  to  distance  11)^  so  niany  stepping  stones.    They  sJ^ 
except  the  Malvern  HiQs,  which,  though  composed  of  granite 
he  considers  as  part  of  the  same  system,  consist  of  wkinstofMts» 
Among  these  stepping  stones  he  reckons  the  basal^4:;  hills 
near  Welchpod,  the  Wrekm,  LilleshaU  Hill,  and,  at  a  greftter 
dktance  towitfds  the  east,  the  rising  grounds  near'Newcastte 
in  Stafl^dshire^  whence  llie  whb-rock  perhaps  cominu&kstek 
by  tltt  toadstone  of  D^rbyi^ihre>  trough  the  hills  in  the  nmik 
or  England  with  the  whinstone  towards  the  south  of  ScotUuii* 
\ti  a  south  or  south-west  direction  from  tibe  Wrekin^  a  niMib^ 
of  ctaggy  eminences  arise.     They  tse  bas^tes,  and  fbrm  • 
strildng  contrast  with  the  smooth,  rounded,  and  lumpiish  sw^tti 
of  schistus  in  thek  neighbourhood.    From  ^e  whin  rods 
near  Stretto%  we  n^y  pass  by  the  Brown  and  Titterstei^ 
Clee  Hills  (on  the  latter  of  which  are  regular  prismatic 
columns)  to  the  Malvern  Hills.    About  these  hills  lie  stantia 
of  schistus  i^d  limestone,  as  is  seen  on  the  road  lh>m  Mui^k 
Wenloch  to  Strettom    To  the  souih-east  ah  extensive  field  df 
whinstone,  with  oceasiondl  elevi^ions,  is  spread  over  the  con- 
fines of  Worcesttershire,  Warwickshire^  and   Staffordshire^ 
Here  we  have  the  Rowley  ragstone.    Whether  the  basaltea 
proceeds  southward  by  such  interruptions  till  it  join  th^  Elvin 
or  whinstone,  and  granite  of  DeVonshire  and  Cornwall,  w&ere^i 
probably,  they  may  be  found  incorporated,  he  wishes  for  an 
opportunity  to  examine.    In  the  plain  port  of  this  wdiolla 
district,  the  whin-rock  appears  often  at  the  surface,  or  a  little 
below  the  strata,  so  that  the  hills  have  probably  a  subtSf^ 
raneous  commuhicaticm  with  each  other,  and  there  needed 
but  a  little  more  lifting  force  to  form  eoQtinued  ranges  #1 
mountains,    ^e  road  from  Welchpool  to  Birmingham,  abov« 
60  miles,  is  repaired  in  a  great  measure  with  whinstone.     A 
colonnade  of  basaltes  has  been  lately  exposed  in  digging  the 
Shropshire  canal ;  and  in  the  mining  country  around  levda 
have  been  driven  in  the  black  rock,  as  it  is  sometimes  cafled« 
As  whinstone  and  slate  are  seen  in  various  other  parts  of 
North  and  South  Wales,  the  whole  western  side  of  our  island 
has  probacy  been  raised  by  the  basaltes  on  which  the  super* 
ficial  strata  now  rest,  though  from  particular,  circumstancea 
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the  fused  mass  has  now  and  then  crystallised  into  granite ; 
and  as  it  has  been  cimjectured,  that  the  basaltes  of  Ireland 
once  joined  that  of  the  Scotch  isles  and  the  main  land  itself, 
BO  perhaps  the  basaltes  of  North  Wales  joined  the  Irish  coast 
tiU  the  sea  worked  its  way  or  broke  in,  and  destroyed  the  con- 
tinuation. As  limestone  is  sometimes  said  to  rest  tmme« 
diately  on  granite,  so  at  the  ^ot  of  the  Wrekin,  and  at 
LiUeshall  HUl,  no  slate  is  interposed  between  the  limestone 
and  basaltes ;  so  that  the  analogy  extends  even  to  the  ex* 
captions. 

One  conaemience  of  these  observations  is  too  important  to 
be  omitted*  They  lead  us  to  reject  the  common  division  of 
mountains  into  primary  and  secondary.  The  chains  of  granite, 
schistus,  and  Hmestone,  must  be  all  coeval ;  for  if  the  central 
chain  of  the  Alps  burst  as  a  body  expanded  by  heat  from  the 
bowels  of  the  earth,  it  reared  the  bordering  chains  at  the  same 
effort*  But  it  must  be  recoUeeted,  that  the  mountains  no 
longer  wear  their  original  form,  vallies  having  bf  en  cut  be- 
tween and  through  them,  and  various  other  effects  of  dilapi- 
dation having  taken  place.  It  is  by  no  means  difficult  toi 
luiderstand  why  no  exuvise  of  organised  bodies  are  foimd  in 
these  imaginary  prii][iitive  mountains.  Rising  from  a  great 
depth,  they  threw  aside  the  superficial  accumulations  of  the 
ancieat  ocean.  What  was  deepest  is  therefore  now  most 
central ;  and  what  lay  on  the  surface  now  skirts  the  high 
interior  chains.  Hence  the  strata  rest  indifferently  on  granite, 
basaltes,  or  l»va;  all  which  substances  derive  from  their  situ- 
ation an  equal  clEum  to  be  regarded  as  primordial  materials. 


On  Nebuhm  Stwrs^  properly  so  caUed.  By  Wm.  HsMCHSLy 
LL.D.  F.R.S.—  [1791.] 
In  one  of  his  late  examinations  of  a  space  in  the  heavens, 
which  he  had  not  reviewed  before,  Dr.H.  discovered  a  star 
of  about  the  eighth  magnitude,  surronnded  with  a  faintly 
luminous  almospheie,  of  a  considerable  extent.  Hie  phe- 
nomenon was  ISO  strikkg  that  he  could  not  help  reflecting  on 
the  curcumstances  that  attended  it,  which  appeared  to  be  of 
a  very  instructive  nature,  and  such  as  might  lead  to  inferences 
which  will  throw  a  consideral^e  light  on  some  points  relating 
to  the  construction  of  the  heavens.  Cloudy  or  nebulous  stars 
have  been  mentioned  by  several  astronomers ;  but  this  name 
ought  not  to  be  applied  to  the  objecte  whicH  they  have  pointed 
out  as  such ;  for,  on  examination,  they  proved  to  be  either 
mere  clusters  of  stars,  plainly  to  be  distinguished  with  his 
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large  instruments,  or  such  nebulous  appelu-anceras' might  be 
reasonably  supposed  to  be  occasioned  by  a  multitude  of  stars 
at  a  vast  distance. 

The  milky  way  itself  consists  entirdy  of  stars,  and  by  im-> 
perceptible  degrees  he  was  led  on  from  the  most  evident 
congeries  of  stars  to  other  groups  in  which  the  lucid  points 
were  smaller,  but  still  very  plainly  to  be  seen ;  and  from  them 
to  such  wherein  they  cowd  but  barely  be  suspected,  till  he 
arrived  at  last  to  spots  in  which  no  trace  of  a  star  was  to  be 
discerned.    .But  then  the  gradations  to  these  latter  were  by 
,8uch  well-connected  steps  as  left  no  room  for  doubt  but  that 
all  these  phenomena  were  equally  occasioned  by  stars,  variously 
dispersed  in  the  immense  expanse  of  the  universe. 
*    When  Dr.  H.  pursued  these  researches^  he  was  in  the  situ** 
ation  of  a  natural  philosopher,  who  follows  the  various  species 
of  animals  and  insects  from  the  height  of  dieir  perfection 
down  to  the  lowest  ebb  of  life ;  when,  arriving  at  die  veget^ 
able  kingdom,  he  can  scarcely  point  out  to  us  the  precise 
boundary  where  the  animal  ceases  and  the  plant  begins ;  and 
mav  even  go  so  far  as  to  suspect  them  not  to  be  essentially 
diflerent.      But  recollecting  himself,  he  compares,  for  in- 
stance, one  of  the  human  species  to  a  tree,  and  all  doubt  on 
the  subject  vanishes  before  him.    In  the  same  manner  we 
pass  through  gentle  steps  from  a  coarse  cluster  of  stars,  such 
as  the  Pleiades,  the  Praesepe,  the  milky  way,  the  cluster  in 
•the  Crab,  the  nebula  in  Hercules,  that  near  the  fNrecedihg  hip 
of  Bootes,  till  we  find  ourselves  brought  to  an  dbject  such  as 
the  nebula  in  Orion,  where  we  are  still  inclined  to  remain  is 
tlie  once  adopted  idea,  of  stars  exceedingly  remote,  and  in- 
conceivably crowded,  as  being  the  occasion  of  that  remarkable 
appearance.    It  seems,  therefore,  to  require  a  more  dissimilar 
object  to  set  us  right  again.     A  glance  like  that  of  the  natu- 
ralist, who  casts  his  eye  from  the  perfect  animal  to  the  perfect 
vegetable,  is  wanting  to  remove  the  veil  from  the  mind  of  tl^ 
astronomer.     The  object  mentioned  above  is  the  phenomenon 
that  was  wanting  for  this  purpose.     Our  judgment  will  be, 
that  the  nebulosity  about  the  star  is  not  of  a  starry  nature. 

A  well  connected  series  of  objects,  such  as  mentioned 
above,  has  led  us  to  infer,  that  aU  nebulae  consist  of  starsr 
T^is  being  admitted,  we  were  authorised  to  extend  our 
analogical  way  of  reasoning  a  little  further.  Many  of  the 
nebulae  had  no  other  appearance  than  that  whitish  cloudiness 
on  the  blue  ground  on  which  they  seemed  to  be  projected ; 
and  why  the  same  cause  should  not  be  assigned  to  explain  the 
most  extensive  nebulosities,  as  well  as  those  that  amounted 
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•aly  to  a  few  minutes  of  a  degree  in  size,  did  not  appear.  It 
could  not  be  inconsistent  to  call  up  a  telescopic  milky  way,; 
at  an  immense  distance,  to  account  for  such  phenomena ;  and 
if  any  part  of  tiiie  nebulosity  seemed  detached  from  the  rest, 
or  contained  a  visible  star  or  two,  the  probability  of  seeing  a 
few  near  stars,  apparently  scattered  over  the  far  distant  re-r 
gions  of  myriads  <^ sidereal  collections,  rendered  nebulous  by 
their  distance,  would  also  clear  up  these  singularities. 

When  Dr.  H.  ex^nined  the  cluster  o£  stars,  following  the 
head'  of  the  Great  Dog,  he  found,  on  March  19.  1786,  that 
there  was  within  this  cluster  a  rounds  resolvable  nebula,  of 
about  two  minutes  in  diameter,  and  nearly  of  an  equal  degrejS. 
of  light  throughout.  Here,  considering  that  the  cluster  was 
free  from  nebulosity  in  other  parts,  and  that  many  such  clus- 
ters, as  well  as  many  such  nebulae,  exist  in  divers  parts  of  the 
heavens,  it  appeared  very  probable,  that  the  nebula  was  un-% 
connected  witli  the  cluster,  and  a  casual  situation  of  our  sun 
gnd  the  two  other  objects  being  nearly  in  a  line.  And 
though  it  may  be  rather  more  remarkable,  that  this  should 
happen  with  two  compound  systems,  which  are  not  by  far  so 
numerous  as  single  stars,  we  have,  to  make  up  for  this  singu-« 
larity,  a  much  larger  space  in  which  it  may  take  place,  the 
cluster  being  of  a  very  considerable  extent.  ' 

There  is  a  telescopic  milky  way,  which  Dr.  H.  has  traced 
out  in  the  heavens  in  many  sweeps,  made  from  the  year  1783 
Ip  1789.  It  takes  up  a  space  of  more  than  60  square  degrees 
of  the  heavens,  and  there  are  thousands  of  stars  scattered  over 
it :  among  others,  four  that  form  a  trapezium,  and  are  situ- 
ated in  the  well-known  nebula  of  Orion,  which  is  included  in 
;the  above  extent.  All  these  starsj  as  weD  as  the  four  men* 
tioned,  he  takes  to  be  entirely  unconnected  with  the  nebu- 
losity which  involves  them  in  appearance.  Among  them  is 
also  £2^0rionis,  a  cloudy  star,  improperly  so  called  by  former 
astronomers ;  but  it  does  not  seem  to  be  connected  with  the 
milkiness  any  more  than  the  rest. 

Nov.  13.  1790.  A  most  singular  phenomenon  !  A  star  of 
^bout  the  eighth  magnitude,  with  a  faint  luminous  atmo- 
sphere, of  a .  circular  form,  and  of  about  three  minutes  in 
diameter.  The  star  is  perfectly  in  tlie  centre,  and  the  at- 
mosphere is  so  diluted,  faint,  and  equal  throughout,^that  there 
.can  be  no  surmise  of  its  consisting  of  stars ;  nor  can  there 
be  a  doubt  of  the  evident  connection  between  the  atmosphere 
and  the  star.  Another  star,  not  much  less  in  brightness,  and 
in  the  same  field  with  the  above,  was  perfectly  free  from  any 
such  appearance.    This  last  object  is  so  decisive  in  every  par- 
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tTeular,  Dr.  H.  says,  that  we  n^ed  not  hesitate  to  acboit  it  m$ 
a  pattern,  from  which  we  are  authcH-ised  to  draw  tiie  foOmrw 
ing  important  consequences :  — 

Supposing  the  connecti<m  between  die  star  and  its  sinw 
rounding  nebulosity  to  be  allowed,  we  argue,  that  mie  of  the 
two  following  cases  must  necessarily  be  admitted*     Li  the 
first  place,  if  tlie  nebulosity  consist  of  stars  tiiat  are  very 
remote,  which  a|q>ear  nebulous  on  aceoimt  of  the  small  angles^ 
*  their  mutual  distances  subtend  at  the  eye,  by  n^ch  they  will 
not  only,  as  it  were,  run  into  each  other,  but  also  iq>pear  ex- 
tremefy  &int  and  dfluted ;  Ih&i  what  must  be  the  enormous 
Aize  or  the  central  point,  which  outi^tines  tdl  the  rest  in  so 
auperlative  a  degree  as  to  admit  of  no  comparison  ?    Li  the 
next  place,  if  the  stur  be  no  larger  than  common^  how  irery 
small  and  con^ressed  must  be  those  odier  luminous  pomts 
that  are  die  occasion  of  the  nefouloaity  wliidi  surrounds  the 
central  one?  -As,  by  the  former  supposition,  the  luminous 
central  ^oint  must  rar  exceed  the  st^dard  of  what  we  call  a 
star,  so,  in  the  latter,  the  shining  matter  diM>ut  the  centre 
will  be  much  too  small  to  come  under  the  same  denovun- 
ation ;  we,  therefore,  either  have  a  central  body  wluch  is  not 
a  star,  or  have  a  star  which  is  involved  in  a  shining  flutd,  of  a 
nature  totally  unknown  to  us.    Dr.  H.  can  ad(^  no  other 
sentiment  than  the  latter,  smce  the  probability  is  certunlj 
not  for  the  existence  of  so  enormous  a  body  as  would  be  re- 
quired to  shine  like  a  star  of  the  eighth  magnitude,  at  a  dis-^ 
tance  sufficiendy  great  to  cause  a  vast  system  4>f  stars  to  put 
dn  the  appearance  of  a  very  diluted,  mifiky  nebulosity. 

But  wnat  a  field  of  novelty  is  here  opened  to  our  coneqn 
tions  !  A  shining  fluid,  of  a  brightness  sufficient  to  reach  us 
from  the  remote  regions  of  a  star  of  the  eighth,  nindi,  tenths 
eleventh,  or  twelfUi  magnitude,  and  of  an  extent  so  consider- 
able as  to  take  up  three,  four,  five,  or  six  minutes  in  diiune^ 
ter  !  Can  we  compare  it  to  the  coruscadon  oi  the  electrical 
fluid  in  th^  aurora  borealis?  Or  to, the  more  magn^cent  cone 
of  die  zodiacal  light,  as  we  see  it  in  spring  or  autumn? 

More  extensive  views  may  be  derived  firom  this  proof  rf 
the  existence  of  a  shbing  matter.  Perfiaps  it  has  been  too 
liastily  surmised  diat  all  ra^Ucy  nebulosi^jr,  (^  which  ihere  is 
so  much  m  the  heavens,  is  owing  to  star%ht  only.  These 
nebulous  stars  may  serve  as  a  clue  to  unravel  other  myste- 
rious phenomena.  If  the  idiining  fluid  that  surrounds  them 
is  not  so  essendally  connected  with  these  nebulous  stars,  but 
that  it  can  also  exist  without  them,  which  seems  to  be  suffi- 
ciently probable,  and  will  be  examined  heieaften.we  vm 
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with  great  facility  explain  that  very  extensive,  telescoiHc 
oebulosity,  which,  as  before  mentioned,  is  expanded  over 
more  than  60^  of  the  heavens,  abeut  lihe  constellation  of 
Orion ;  a  luaunous  matter  aocountinf  nuieli  bet^r  for  it  than 
clustering  stars  at  a  distance. 

It  has  been  said  above,  thi^  in  nebuloui  «tani  th^  existence 
of  the  shiniitg  fluid  does  not  seem  to  be  so  essentially  con<- 
iiected  with  ^e  central  points  tb«|  it  might  not  also  exis^ 
jpfithoTit  thmu  For  th^  opbioq  we  infY  opsign  several  rea<- 
tf^is*  One  of  them  is  the  great  reaemblaiicQ  between  th^ 
4dievdure  of  these  vtars  mi  the  di&aed  eaplensive  nebulosity 
wmlio»ed  before,  which  r^er^  it  highly  probable  that  th^ 
mre  ^  the  same  nature.  Now»  tf  this  be  awitted,  the  sepai* 
nte  existeiftoe  of  the  luminous  nsfttteri  or  its  independeni^e 
^m  a  oenirql  sto,  is  fuU^  proved.  We  niny  also  judge,  very 
4SM6dently,  ^t  the  light  of  this  idiiniiig  fluid  is  no  kuid  of 
ipefleotion  from  the  star  in  the  centre;  f<»r  r^ected  hght 
^QQHld  never  reaeh  us  at  the  ^rciat  distance  we  are  |rom  sucl^ 
objects*  Besides,  how  impenetrable  would  be  an  atmosjpber^ 
«if  a  siificiefltit  density  to  reflect  so  great  a  quantity  of  light? 
And  yet  we  observe,  that  the  outward  parts  of  the  chevelure 
m<e  nearly  as  bright  as  those  that  are  close  Vo  the  star ;  so 
4ibat  this  supposed  atmosphere  ought  to  give  no  obstruction 
40  the  passage  of  llie  cfa^trid  rays.  If,  ^erefore,  this  mat* 
isit  ia  s^limiinous,  it  seems  more  fit  to  produce  a  star 
J^  its  omdensation  than  to  depend  00  the  %i^  for  itp 
existence* 

How  far  the  light  that  is  perpetually  emitted  from  millionp 
of  suns  may  be  concerned  in  this-  shining  fluid,  it  might  be 
|»resumptuous  to  attempt  to  determine ;  but,  notwithstanding 
the  unconceivable  subtilty  of  the  particles  of  light,  when  the 
number  of  the  emitting  bodies  is  almost  infinitely  great,  and 
the  time  of  the  continual  emission  indefinitely  long,  the 
•quantity  ci  emitted  particles  may  well  bec(»ne  adequate  to 
4ie  constitution  of  a  i^ining  fluid,  or  luminous  matter,  pro* 
vided  a  cause  can  be  found  that  may  retain  them  from  fiyinf 
off,  or  re^unite  them.  But  such  a  cau^e  oaiinot  be  difficult 
to  guess  at,  when  we  know  that  light  ia  ^o  easily  reflected, 
refracted,  inflected,  imd  deflected ;  and  that,  in  the  immense 
range  of  its  course,  it  must  pass  thr^mgh  inpumert^e  systems, 
where  it  cannot  but  firequeSntiy  meet  with  mmy  obstacles  te 
its  rectilinear  progression* 
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On  ike  DecompaaUion  affixed  Air.    By  Smithson  Tsn^ant^ 
Esq.  F.  R.  S.  —  [1791.] 

As  fixed  idr  is  produced  by  the  combugtion  of  charcoal,  it 
has  long  been  thought  highly  probable  that  vital  air  and  diaiv 
coal  are  its  constituent  ingredients,  l^is  opinion  is  confirmed 
by  the  experiments  of  Lavoisier,  from  which  he  discovered 
that  the  weight  of  the  fixed  air  which  is  formed  during  the 
combustion  is  nearly  equal  to  that  of*  the  vital  air  and  cTuur- 
coal  consumed  in  the  process ;  and  that  the  small  difiPerence 
of  weight  may,  with  great  reason,  be  attributed  to  the  pro- 
duction of  water  arising  from  inflammable  mr  contained  ia 
the  charcoal.  The  composition  of  fixed  air,  therefore,  seems 
to  be  determined,  by  uniting  its  constituent  parts,  with  as 
much  certainty  as  by  that  mode  of  proof  alone  it  is  possible 
to  obtain.  But  as  vital  air  has  a  stronger  attraction  for  char- 
coal than  for  any  other  known  substance,  the  decomposition 
of  flxed  air  has  not  hitherto  been  attempted.  By  means, 
however,  of  the  united  force  of  two  attractions,  Mr.  T.  has 
been  able  to  decompose  fixed  air,  and  thus  to  determine  its 
constituent  parts  in  consequence  of  their  separation. 

Charcoal,  thus  obtained  from  fixed  air,  appears  in  no  respect 
to  differ  firom  the  charcoal  of  vegetable  matters.  On  defla-. 
grating  a  little  of  it  in  a  small  retort  with  nitre,  fixed  air  was 
immemately  reproduced.  Since,  therefore,  charcoal,  by  its 
separation  from  fixed  air,  i^  proved  to  be  one  of  Its  constituent 
pnnciples,  it  can  hardly  be  doubted  that  this  substance  is 
'present  whenever  fixed  air  is  produced ;  and  that  those  ex- 
periments, from  which  it  is  supposed  that  this  acid  may  be 
formed  without  the  aid  of  charcoal,  have  not  been  conducted 
with  the  requisite  caution. 


On  iheRingofSaiwm.    By  Wm.  Herscusi^  LL.D.  F.R.8. 

-  It  is  well  known  to  astronomers  that  the  ring  of  Saturn 
'becomes  alternately  enlightened  on  one  of  its  sides,  and  that 
this  change  of  illumination  takes  place  when  the  planet  passes 
'through  the  node  of  the  ring.  This  happened  in  October, 
'4789,  when  the  southern  plane,  which  had  been  in  the  dark 
for  about  15  years,  became  visible  to  us.  And  since  Dr.  H. 
^d  a  great  number  of  fine  views  of  the  ring  of  Saturn,  he 
here  delivers  as  many  of  the  observations  as  will  be  sufficient 
to  throw  light  enough  on  the  subject,  to  enable  us  to  decide 
the^cjuestion,  whether  this  ring  be  double  or  single  ? 

^  ■     roni&tfjRtn^^&Huns.— Sept.7.1790;  20-feet 
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tr^fiector.     No  dark  division  can  as  yet  be  seen  on  tiie  ring  of 
fSatum;  but  it  is  hardly  open  enough  to  expept  it  to  be 
•visible.  —  Aiag.  5. 1791 ;  20-feet  reflector.    The  black  list,  on 
;this  side  of  the  ring  of  Saturn,  is  exactly  in  the  same  rdatti^re 
place  lY^iere  it  was  seen  on  the  northern  plane.  —  Sept.  25. 
rlT91 ;  20-feet  reflector.    The  black  division  goes  all  around 
rthe  ring,  as  far  as  he  can  trace  it,  exactly  in  the  same  place 
•where  he  used  to  see  it  on  the  north  side.  —  Oct..  13.  .1791 ; 
.10-feet  reflector.    The  black  division  on  the  southern  plane 
pf  Saturn's  ring  is  in  the  «ame  place,  of  the  same  breadth,  and 
at  the  same  distance  irom  the  outer  edge,  that  he  had.  always 
seen  it  on  the  northern  plane.    With  a  power  of  4-00,  he  saw 
it  very  distmctly :  it  is  of  the  same  kind  ofxolour  as  the  space 
between  the  ring  and  the  body,  but  not  so  dark.  —  Oct,  2^. 
'1791 ;  seven-feet  reflector.    With  a  new  inaishihe-polished) 
most  excellent  speculum,  he  saw  that  the  division  on'  the  ring 
of  Saturn,  and  the  open  spaces  between  the  ring  and  the  body, 
are  equaUy  dark,  and  of  the  same  colour  with  the  heavi^ns 
about  the  planet.    20-feet  reflector.    The  black  divijgion  on; 
Ijie  ring  was.  as  dark  as  the  heavens.    It  was  equally  broad  on^ 
both  sides  of  the, ring.     With  a  40-feet  reflector,  he  saw,the[ 
division  on  the  ring  of  Saturn  of  the  same  colour  as  the  6ur« 
rounding  heavens.    It  was  of  equal  bjreadth  on  both  sides,  and 
he  could  trace  it  a  great  way.  towards  the  body  of  Satunw 
'With  a  2CKfeet  reflector,  and  power  of  60Q,  he  could  trace  the, 
division  very  nearly  as  far  as  Uie  place,  where  a  perpendicular 
to,  the  direction  of  the  ring  would  divide  the  open  space 
between  the  planet  and  the  ring  into  two  equal  parts. 
.    From  these  observations^  added  to  what  has  been  given  in 
some  former  papers,  Dr.  H.  thinks  himself  i^uthorised  now  to 
0ay,  that  the  placet  Saturn  has  two.  concentric  rings,  of  .un- 
equal dimensions  andbreadth*  situated  in  one  plane,  whiph-i% 
probably  not  much,  inclined  to.  the  equator  of  the  planet. 
STiese  rings  are  at  a  considerabk  distance  from  each  other,  the; 
smallest  being  much  less  in  diameter  at  the  outside  than  th^  • 
largest  is  at  the  inside.    The  dimension  of  the  two  rings  and 
tkhe  intermediate  space  are  nearly  in  Ihe  annexed  proportion; 
to  each  other.  Parts. 

Inside  diameter  of  the  smaller  ring       -        -  5900. 
Outside  diameter  -  -        -         -7510. 

Inside  diameter  of  the  larger  ring  .       -        -  7740 
Outside  diameter      -  -  -.  -  8S00 

Breadth  of  the  inner  ring  -  .        *         •    805 

Breadth  6f  the  outer  ring         .  •  •    280        , 

\.,   Bresuith  x)f  the  vacant  space     -        -  ^    lig 

^^  DgtzedbyUOOgfe.       " 
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Admitting,  with  M.  de  b  Lsnde,  that  ihe  bfeadth  of  the 
Iphtflf.  ring,  as  formerly'  sappoted  to  consist  of  one  entire 
MtfS,  is  tiear  one  third  of  the  (fiameter  of  Satmn,  it  f(^oivB 
tfatft  the  Tacant  space  between  Ae  two  rings,  acoordu^  to  tiie 
above  statement,  amounts  to  near  ^IS  mSes. 

Bj  way  of  forming  more  eanhr  a  oomparadTe  idea  of  the 
stupendous  size  of  this  ring  of  Saturn,  Dr.  H.  rateulatedl  tiie 
proportion  it  bears  to  ibe  earth,  and  found  that  ha  cEaimiter 
IS  to  that  of  the  latter  as  2S.8914  to  1.  From  the  above  pro- 
portions we  ako  compute  th«t  Uiis  ring  must  ;be  upwardb  of 
804^883  mOes  in  diameter. 


Saferim&ify  and  ObaervcOumi  m  die  Prodm^tim  if  Zdghi 

pom  djjjbimi  Bodkg,  6y  Beat  and  l^  JUirii^    By  Mr. 

Tms.  Wmdqwooi}.  —  [1792.] 

Hb  found  that  the  phosi^orism  of  siraost  afl  bodies  itiight 
be  made  apparent  either  by  heat  or  by  attrition  t  he  thcrofera 
divides  the  subject  of  this  paper  into  two  partt.  i  On  tkm 
i^ht  produced  by  heat— iL  On  the  figtit  produced  by  «t- 
trition. 

i.  The  best  general  method  of  producing  the  light  by  iieat 
is,  to  reduce  the  bodjrto  a  moderately  fine  pow&r,  «bA  to 
sprinkle  it,  by  small  portions  at  a  time,  on  a  duck  fdate  cC 
iron,  or  mass  of  burnt  luting  made  cf  sand  and  day,  healed 
just  below  Tisible  redness,  and  reraored  into  a  petmt^  daA 
place.  ^  The  following  is  a  list  of  such  bodies  as  he  Ibund  to 
be-luminous  by  this  treatment,  arranged  according  to  the  ap* 
parent  intensity  of  then*  light. 

1.  Blue  fluor,  from  Derbyshke,  giving  out  a  &tid  smcil  on 
attrition. 

2.  Black  and  grey  mari>les,  and  fbtid  white  maibles,  tnm 
Derbyshire.  Common  Uue  fluor,  ^pom  Deibyshke.  Red 
feldspat,  from  Saxony. 

8.  Diamond.  Oriental  ruby.  Aerated  banrtes,  from  Cbop* 
ley,  in  Lancashire.  Common  whitmg.  Iceland  spar.  Sea 
shells.  Moorstone,  from  Cornwall.  White  fluor,  froDipei|by* 
shire. 

4.  Pure  calcareous  earth,  precipitated  from  an  acid  solu- 
tion. Pure  argillaceous  eiffth  (of  alum).  Pure  siliceous 
earth.  Pure  new  earth,  from  Sydney  Cove.  Comnum  mag* 
nesla.  Vitriolated  barytes,  from  Scotland.  I^^atites,  from 
Cornwall.  Alabaster.  Porcelain  clay  of  Cornwall.  Mother 
of  pearl    Black  flint.    Hard  white  marUe.   Jlock  crystd, 
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jBtom  tlie  Eiwt  Iniaet.  White  q^mm.  Porc^m.  Conunon 
^earthem  ware.  Whiiiilone,  Emery.  Cofil  ashes.  Sea  sand. 
5*  Gdd,  plaitii}a>  wlver,  copper,  iron,  lead,  tin,  bismuth, 
jQpbalty  Kinc.  Freci|>itates  by  an  alkali  froin  acid  solutions  of 
>^id^  silver,  copper,  iron,  zinc,  bismuth,  tin,  lead,  cobalt,  mer^ 
^nirjr^  antimony  i^angaReae.  Vitiriolated  tartar,  crystals  of 
.$iurtiur,  borax*  aliim»  previpudy  exsiccated*  Sea-coal.  Whife^ 
fMqpfar,  while  linc»,  white  wooUen,  in  amaU  pieces,  white  hair 
fiowder*  Deal  saw-dust.  Eotten  wood  (not  otherwise  liL» 
minous).    White  asbestos^    Bed  irop^  mica.    Deqpredpor^ 

6.  Antimony,  rackel.  Oils,  lamp,  linseed,  and  olive,  white 
W9X»  spermaceti,  butter^  luminous  at  and  below  boiling. 

Tlie  duration  pf  the  light  thus  produced  from  different 
bodies  is  very  unequal ;  in  some  the  light  is  almost  mon^entary, 
in  others  it  lasts  for  some  minutes,  and  may  be  prolonged  by 
stirring  the  powder  on  the  heater.  It  soon  attains  its  greatest 
brightness,  and  dies  away  gradually  from  that  point,  never  scp^ 
pearing  in  a  sudden  flash,  like  the  light  of  quartz-pebblea 
ruUied  together.  If  blown  on,  it  is  suddenly  extinguished, 
but  immediately  re-appears  on  (Hscontinuing  tfie  blast. 

The  light  of  bodies  is,  in  general,  uncoloured ;  there,  are 
however,  some  exceptions.  Blue  fluor,  of  thajb  kind  w}](ich 
mves  out  a  fetid  smeH  ^len  nJ>bed,  first  emits  a  bright  gf^eo. 
light  resembling  that  ,of  the  glow-worm  so  ^^actly,  %at  when 
placed  by  the  insect  ^ust  as  it  has  attained  its  greatest  bright- 
ness, there  is  no  sensible  difference  in  the  two  lights^  eitiier 
of  colour  or  intensity.  This  bwht  ^een  qMicMy  changes 
into  a  beautiM  lijac^  wliich  gradual^  fades  away.  Fetid 
marbles,  and  some  kinds  of  chalk,  give  a  bright  reddish  or 
grange  light;  pure  ^careous  earth,  a  bluish  white  lij^ht.; 
Cornish  moorstone  emits  a  fine  blue  ligh^ ;  powder  of  ruby 
Aives  A  beautiful  red  light,  of  short  continuance. ' 

For  die  most  part,  the  softest  bodies  require  tbp  least  hea( 
to  become  faiminous ;  ynarble,  chalk,  ^u<ur,  &c.  give  a  faint 
li(ght  when  sprinkled  on  melted  tin  just  becoming  solid.  A^ 
the  temperature  of  the  heater  is  raised,  they  continue  to  give 
Mt«ior^Mdi»«i».ligbl;«  ykfr{Qbofh*s»,iCMPpper,a9d/Eiiu3^l»re- 
Tiourty  ^xffoci^ied,  when  .  tbrpw*  m  eiirthem  wave  «r  m&ti 
V9ade  iieady  reiiHM,  gi^emiiittte  ftuAes  of  light  of  momentary 
duration,  such  as  ^pe^  fima  ;Miitte  laf  tfie  metallic  pre^mit^tefii 
MTticul^fy  9inc,  oa  a  swoilar  treatment ;  with  tUs  difference, 
nowever,  that  the  lig^t  of  »est  of  thepredpitates  is  of  a  red- 
dish hue.  The  li^t  of  the  metals  is  white,  and  exactly 
iMbur  to  that  of  jKNne  earths.  d  g  t  zed  by  Google 
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f  if.  Thie  expenments  oft  the  light  produced  b^  cyifferent  bodiis» 
by  attrition  were  chiefly  made  by  rubbing  mthe  dark  tw6 
pieces  of  the  same  .kind  against  each  other :  all  that  were 
'  dried,  with  a  very  few  exceptions>  were  luminous  b^  this  treats 
ment*  The  following  is  a  list  of  them,  arranged  m  the  order 
of  the  apparent  intensity  of  their  light,  and  as  the  lights  are 
neither  white,  or  some  shade  of  red,  figures  are  affixM  to  de^ 
note  these  differences ;  (0)  denoting  a  pure  white  light ;  (1)^  the 
ihintest  tinge  of  red,  or  jQame  colour ;  (2V&  deeper  shade  of 
ted ;  (S)  and  (4<),  still  deeper  shades. 


Ji.  Colourless,  transparent,  ori- 
ental rock-crystal;  and  sili- 
ceous crystab  (0). 

2.  Diamond  (0). 

S.  White  quartz ;  white  semi- 

^    transparent  agate  (1). 

4.  White  agate,  more  opaque 
(2).  Semi-transparent  feld- 
spat,  from  Scotland  (2). 
Brown  opaque  feldspat, 
from  Saxony  (4).  Chert 
of  a    dusky  white,    from 

'    North  Wales  (8). 

5.  Oriental  ruby  (4). 

6.  Topaz ;.  oriental  sapphire  (0). 
y,  Agate,deep-coloured,brown 

and  opaque  (4), 
S,  Clear,  blackbh  gun-flint  (2). 
19.  Tawny      semi-transparent 
/flint  (3). 

10.  Unglazed  white  biscuit 
earthen-ware  (4). 

11.  Fine  white  pdrcelam  (2). 

12.  Clear,  blackish  gun-flint, 
made  opaque  by  heat  (3). 

is.  Flint  glass  (0). 

Rock-crystal,  quartz,  flint-glass^  aind  many  other   hard 


14*  Plate  glass ;  green-bottle 

glass  (0). 
15.  Fine  hard  loaf-sugar  (0). ' 
16*  Moorstbne,  from  Cornwall 

(1).      Corund,  semi-trans- 

Sarent,  from  the  East  In- 
ies  (1).     .     '    • 

17.  Iceland  spar  (0).  ^ 

1 8.  White  enamel  (2) ;  tobacco- 
\  pipe  (3).    White  mica  (0). 

19.  Unglazed  biscuit  earthen- 
ware, blackened  by  expos- 
ing it,  buried  in  charcoal  in 
a  close  crucible,  to  a  white 
heat  (4). 

20.  Black  vitreous  mass,  made 
by  melting  together  five  of 
fluor,  one  of  lime,  and  spme 
charcoal  powder  (4). 

21.  Fluor ;  aerated  and  vitrio- 
lated  barytes;  white  and 
black  Derbyshire  marble; 
calcareous  spar;  crystals  of 
borax ; ,  deep  blue  grass 
mother  of  pearl. 


'  Kock-crystai,  quartz,  mnt-giass^  ana  many  otner  nara 
bodies  during  attrition,  emit  now  and  then  reddish  spiiurks  of 
a  vivid  light,  which  retain  their  brightness  in  a  passage  of 
one,  two,  and  even  three  inches,  thrbugh  the  air.  ^ 

c  Bodies  give  out  their  light  the  instant  they  are  rubbed  oil 
each  other,  and  ceaSe  to  be  luminous  when  the  attrition  is 
discontinued. .  Colouvlesis,  tramspatcnt,  and  semi-transparen* 
bodies  emit  a  flashing  light,  theif  whole  masses  being,'ibr€t 
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^ttoment,  flluminated ;  opaque  bodies  give  little  more  than  -a 
defoed  spedc  of  red  light,  and  are  not  luminous  below  life 
part  struck.  The  greatest  apparent  quantity  of  light  is  pro- 
duced by  hard  imcolbured,  transparent,  and  semi-transparent 
bodies,  whose  surfaces  soon  acquire  an  asperity  by  rubbing  to- 
gether, as  quartz,  agate,  &c. 

From  an  examination  of  tlie  table,  it  appears  that  white 
lights  are  emitted  from  colourless  transparent  bodies ;  fiunt 
red,  or  flame-coloured,  from  white  semi-transparent  bodi^sT; 
deeper  red  from  more  opaque  and  coloured  bodies,  and  tfie 
ideepest  red  from  opaque  and  from  deep-colouried  bodies. 
E:ktremelv  faint  lights,  such  as  those  given  by  fluor,  marble, 
&c.  are  of  a  bluish  white  ;  quartz,  very  lightly  rubbed,  gives 
a  very  faint  light  of  a  bluish  hue  ;  when  rubbea  a  little  hardei*, 
it  emits  a  flame-coloured  light ;  when  rubbed  with  violence, 
its  light  approaches  to  whiteness.  Opaque  red  feldspat  gives 
^  deep  red  light  by  attrition ;  exposed  to  a  strong  heat  in  the 
furnace,  it  becomes  white,  and  somewhat  transparent,  ared 
when  cool,  gives  out,  on  attrition,  as  white  a  light  as  quarts ; 
clear,  blackish  flint,  made  opaque  by  heat,  gives  a  redder  light 
tbfln  i>efore  ;'  deep-coloured  glass  gives  out  a  red  defined  light 
without  any  flash,  while  clear  uncoloured  glasses  emit  a  white 
flashing  light  of  some  brightness. 

Bodies  al-e  not  luminous  by  simple  pressure ;  but  when 
tiiey  are  at  all  broken  by  the  pressure,  the  fragments  rubbing 
(f>h  each  other  produce  some,  light.  Mr.  Boyle,  indeed,  found 
a  particular  diamond  to  einit  light  when  pressed  by  a  ste^l 
bodkin ;  but  the  diamond  is  phosphorescent  in  so  many 
ways,  and  is  so  curious  and  singular  a  body,  both  in  proper- 
ties and  constitution,  that  it  can  scarcely  be  expected  io 
bxhibit  the  same  appe^ances  as  the  cominon  class  of  earthy 
bodies.  ;.;  f 

) '  All  hard  earthy  bodies  emit  a  peculiar  smell  on  attrition., 
The  most  remarkable  for  this  property  are  chert,  quartz,  fetd- 
spat,.  biscuit  earthen-ware,  and  rock-crystal :  this  smell  doe^  n^t 
i£fier  much  in  kind,  though  it  does  considerably  in  intensity. 
Many  of  the  sofler  bodies  yield  the  same  smell,  but  in  a  le^s 
^degree,  and  probably  none  are  entirely  without  it.  It  ap- 
pears to  be  strongest  where  the  friction  is  greatest :  it  haa  no 
dependence  on  the  Ught  produced  by  attrition,  as  it  is  oflen 
very  strong  when  no  light  is  emitted.  Kock-crystal,  quartz, 
feldspatj  white  biscuit  earthen-ware,  and  probably  all  such 
hard  bodies,  produce  this  smell  under  water.  Quartz  stoneSy 
-violently  rubbed  on  each  other  for  a  few, minutes  in  a  cup.gf 
water;  communicate  this  smdl,  and  a  peculiar  taste,  to^  tlie 
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water.    The  teale  it  probably  dmred  from  aa  impalpatfe 
powder,  wfaich  floats  in  the  water  for  msmy  days. 

Derbyahnra  black  marble  and  the  stinking  blue  fluor,  ^tc 
out»  on  attritioiiy  a  strong  smell  peculiar  to  themselves,  both 
in  air  and  water :  they  lose  this  property  by  being  once  nuaia 
red-hot.    Quartz  produces  the  smell  equally  stroi^  in  6xe^ 

,pura»  and  common  air. 

Mr.  W.  havW  now  stated  all  the  &ictf  relative  to  phocpho- 
rescent  bodies  which  he  had  as  yet  been  able  to  discoyer^ 
offers  a  few  reflections,  tending  to  show,  that  heat  is  the  pnK 
bible  cause  of  the  light  produced  from  bodies  by  attrition.  It  J9 
easy  to  see  why  bodies  emit  light  instantly  when  nd)bed ;  for 
they  often  said  out  sparks  as  soon  as  the  attrition  commei3ce% 
which  proires  that  particles  in  their  surfaces  are  instantly 
heated  to  redness  by  attrition.  After  all,  it  remams  ^ntird^ 
problematical,  in  what  manner  heat  operates  to  produce  ligil 
nrom  bodies :  the  air  does  not  seem  to  have  any  concern  io 
its  production,  as  bodies  are  equally^  luminous  in  aln^o^t  98 

.  kinOB  of  air,  and  when  immersed  in  liquids. 


Obserpaikms  an  Sees.    By  John  Hujttsr^  Esq.  P.R.  S* 

The  common  bee,  from  a  number  of  peculiarities  in  its 
economy,  has  called  forth  the  attention  of  the  curious ;  and 
from  the  profit  arising  from  its  labours  it  has  become  the  ob- 
ject of  the  interested ;  therefore  no  wonder  it  has  exdted 
universal  attention,  even  from  the  savage  to  the  tpost  civ3- 
ised  people. 

When  we  talk  of  the  economy  of  the  colony,  such  as  the 
secrelmg  wax,  making  combs,  collecting  &rina,  honey,  feed* 
in^  the  maggots,  covering  in  the  chrysalis,  and  the  honeyi 
styiging,  &c  it  is  the  labouring  bees  that  are  meant.  M 
itees,  from  their  numbers,  hide  very  much  their  operation?,  it 
is  necessary  to  have  such  contrivances!  as  will  explore  their 
economy.  Hives,  with  glass-lights  in  them,  often  show  some 
of  theur  operations,  and  when  wholly  of  glass,  still  more  ;  but 
as  they  form  such  a  cluster,  and  be^n  their  comb  in  ti^ 
centre,  little  can  be  seen  tffl  their  work  becomes  enlarge^ 
and  by  that  time  they  have  produced  a  much  larger  quandiy 
of  bees,  so  as  still  to  obscure  ^eir  prog^ss. 

We  find  the  common  bee  in  Europe,  Asia,  Africa,  and 
America.  That  they  may  be,  or  should  be  jn  the  three  first, 
is  easily  supposed,  but  how  they  came  to  America  is  not  so 
readily  conceived ;  for,  though  a  kmd  of  manageable  animal, 
yet  they  do  not  like  such  long  confinement  in  their  hives  as 
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•would  cany  iham  to  the  Wett  laSm,  excepting  in  an  ice- 
house ;  for  when  I  haw  endearouved  to  confine  them  in  th^ 
iiivesy  they  hasre  been  90  restless  «•  to  destroy  tfiemselves. 

The  femde  and  the  worUng  bee»  I  beHere)  in  every  spe- 
^es  have  sttngs,  wliidi  renders  thim  an  anhnal  of  offence, 
indeed,  hut  xather  <0f  defence ;  for  thoagh  they^bake  im  at- 
lack,  I  believe  it  is  l^  w«y  of  defence,  excq^t^  when  tl^ey 
attack  each  other,  which  as  seldom  or  never  with  their  stmgs. 
Of  the  whole  bee-tribe,  the  conmton  bee  Is  the  easiest  irri- 
tated ;  for  aa  thi^  have  tnroperty,  they  are  jedleus  of  it,  and 
eeem  to  defend  it ;  but  when  not  near  it,  they  are  ^uiet,  and 
must  be  hurt  before  they  will  sting ;  with  atl  this  disposition 
for  de&nce,  which  is  only  to  secure  ^ek  property,  or  them- 
selves, when  more  closely  attacked,  yet  l£ey  have  no  covet* 
ouaness  or  a  disposition  to  obstruct  others.  Thus,  two  bees 
or  m(»e  will  be  sucking  at  the  same  flower,  without  the  first 
possessor  claiming  it  as  his  r%ht :  a  hundred  may  be  about 
the  same  drop  of  honey,  if  it  is  beyond  tiie  boundaries  of. 
their  own  right ;  but  wnat  they  have  collected  they  defend. 
It  is  easily  Jmown  when  they  mean  to  stinff :  they  fly  about 
the  ol^ect  of  their  anger  very  quickly,  and  by  the  quickness 
of  their  motion  evade  being  struck  or  attacked,  which  is  dis- 
covered by  the  sound  of  their  wings,  as  if  going  to  give  a 
stroke  as  they  fly,  a  very  different  n<Hse  itoat  tiiat  of  the 
wings  when  coming  home  aa  a  fine  evenuig  loaded  with 
&rina  or  Jboney ;  it  is  then  a  soft  contented  noise.  When  a 
single  bee  is  attacked  by  several  others,  it  seeitis  the  most 
passive  animal  iKMsifale,  makii^  no  resistance,  and  even  hardly 
seeming  to  wish  to  get  away ;  and  in  this  mastmer  they  allow 
themselyes  to  be  killed.  They  are,  perhaps,  tihte  only  insect 
that  feeds  in  the  winter,  and  Uierefore  the  cmly  one  that  lays 
op  external  store. 

JBees  are,  perhaps,  the  only  insects  that  produce  heat 
within  themselves,  and  were  therefore  intended  to  have  a  toler- 
«My  weU-rc^lated  warmth,  without  which,  of  course,  they  are 
very  tmcomfortable,  and  soon  die ;  ^Bid  which  jnadEes  liot  only 
a  part  of  tJieir  internal  economy  rei^pecth^  the  individual,  but 
a  part  of  their  external  or  common  economy,  and  is  therefore 
necessary  to  foe  known.  The  heat  of  bees  is  ascertainable  b^ 
Uie  thermometer ;  and  I  shall  give  the  residt  of  experiments 
made  at  two  different  seasons  of  the  year.  July  16th,  at  10 
in  the  evening,  wind  northerly,  thermometer  at  54**,  in  (he  open 
air,  I  introduced  it  into  the  top  of  a  hive  full  of  bees,  and  in 
less  than  ^ye  minutes  it  rose  to  82°.  I  let  it  stand  all  night ; 
at  five  in  the  morning  it  was  down  at  79°uat  nine  the 
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same  moving  it  had  risen  to  85^,  and  at  one  o'clock  to  84^; 
find  .at  nine  in  the  evening  it  was  down  to  78^. 

^As  they  are  easily  a£fected  by  cold,  their  instinctive  prin- 
ciple respecting  cold  is  very  strong,  as  also  with  regard  to  weU 
X  have  seen  a  swarm  hanging  out  at  the  door  of  a  hive,  ready 
to  take  flighty  and  then  return ;  a  chill  has  come  on,  of  which 
I  was  not  sensible,  and  in  a  few  minutes  the  whole  has  gone 
back  into  the  hive ;  and  by  the  cold  increasing,  I  have  at 
length  perceived  the  cause  of  their  return.  If  rain  is  coming 
on,  we  observe  them  returning  home  in  great  numbers,  and 
hardly  any  abroad.  Bees  are  very  cleanly  animals  respecting 
themselves ;  they  seldom  or  never  void  their  excrement  in 
the  hive.  I  have  known  them  confined  many  days  without 
discharging  the  contents  of  the  rectum;  and  the  moment 
$hey  got  abroad,  they  evacuated  in  the  BXt  when  flying :  and 
they  appear  to  be  very  nice  in  their  bodies ;  £or  I  have  often 
detected  them  cleaning  each  other,  more  especially  if  by  ac- 
cident they  are  besmeared  with  honey 

To  consider  this  society  individually,  it  may  be  said  to 
consist  of  a  female  breeder,  female  non-breeders,  and  males  ; 
but  to  consider  it  as  a  community,  it  may  be  said  to  consist 
only  of  female  breeders  and  non-breeders,  the  males  answering 
no  other  purpose  than  simply  as  a  male,  and  ere  only  tem- 
porary ;  and  it  is  probable  the  female  breeder  is  to  be  consi- 
dered in  no  other  light  than  as  a  layer  of  e^s,  and  that  she 
only  influences  the  non-breeders  by  her  presence,  being  only 
a  bond  of  union,  for  without  her  they  seem  to  have  no  tie : 
it  is  her  presence  that 'makes  them  an  aggregate  animaL 
May  we  not  suppose  that  the  offspring  of  the  queen  have  an 
attachment  to  the  mother,  somewhat  similar  to  the  attachment 
of  young  birds  to  the  female  that  brings  them  up  ?  for  though 
the  times  of  their  attachment  are  not  equal,  yet  it  is  the 
dependence  which  each  has  on  its  mother  Uiat  constitutes 
the  bond ;  for  bees  have  none  without  her.  When  the  queen 
is  lost,  this  attachment  is  broken :  they  give  up  industry/ 
probably  die,  or,  we  may  suppose,  join  some  other  hive. 
This  is  not  the  case  with  those  of  this  tribe  whose  queen 
singly  forms  a  colony;  for  though  the  queen  be  destroyed, 
vet  Uiey  go  on  with  wat  work  wluch  is  their  lot ;  as  the  wasp, 
hornet,  and  humble  bee.  Most  probably  the  whole  economy 
of  the  bee,  which  we  so  much  admire,  belongs  to  the  non-* 
breeders,  and  depends  on  their  instinctive  powers  being  scst 
to  work  by  the  presence  of  the  breeders,  that  being  their 
ionly  enjoyment;  therefore,  when  we  talk  of  the  wonderful 
economy  of  bees,  it  is  chiefly  the  labourers  at  large  we  are  ta 
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nidmire,  though  the  queen  gets  the  principal  credit,  for  the 
extent  of  their  instinctive  properties. 

'  When  a  hive  sends  off  a  colony,  it  is  commonly  in  the 
month  of  June ;  but  that  will  vary  according  to  the  season^ 
for  in  a  mild  spring  bees  sometimes  swarm  in  the  middle  of 
May,  and  very  often  at  the  latter  end  of  it.  Before  they 
come  off,  they  commonly  hang  about  the  mouth  of  the  hole,. 
or  door  of  the  hive,  for  some  &ys,  as  if  they  had  not  sufficient: 
room  within  for  such  hot  weather,  which  I  believe  is  very 
much  the  case ;  for  if  celd  or  wet  weather  come  on,  they  stow 
Ahemselveff  very  well,  and  wait  for  fine  weather.  But  swarm- 
ing appears  to  be. rather  an  operation  arising  from  necessity, 
vfor  they  would  seem  not  naturally  to  swarm,  because  if  they, 
:have  an  empty  space  to  fill,  they  do  not  swarm  ;  therefore  bu 
iBcreasin^  the  size  of  the  hive,  the  swanning  is  preventedr 
.This  period  is  much  longer  in  some  than  in  others.  For.  * 
jBome  evenings  before  they  go  forth  is  often  heard  a  singular 
jaoise,  a  kind  of  ring,  or  sound  of  a  small  trumpet ;  by  com- 
jxaring  it  .with  the  notes  of  the  piano-forte,  it  seemed  to  be 
.the  same  sound  with  the  lower  a  of  the  treble. 
:  l  The  -«warm  commonly  consists  of  three  classes ;  a  female»; 
:or  females,  males,  and  those  commonly  called  mules,  which 
^ar^  .supposed  to  be. of  no  sex,  and  are  the  labourers;  the 
.whole  about  two  quarts  in  bulk,  making  about  six  or  seven; 
.thousand;  It  is  a^  question  which  cannot  easily  be  determined,' 
whether  this  old  stock  sends  off  entirely  young  of  the  same 
Reason,  and  whether  the  whole  of  their  young  ones,  or  only^ 
|>art. .  As  the  males  are  entirely  bred  in  the  same  season^ 
|>art  go  off;  but  part  must  stay,  and  most  probably  it  is  so. 
with  the  others.  They  commonly  come  off  in  the  heat. of 
the  day,  often  immediately  after  a  shower:  who  takes  the 
lead  I  do  not  know,  but  should  suppose  it  was  the  queen. 
When  one  goes  off,  they  all  immediately  follow,  and  fiy  about 
seemingly  in  great  comusion,  though  there  is  one  principle* 
^actuating  the  whole.  > 

,  They  soon  appear  to  be  directed  to  some  fixed  place ;  such 
as  the  branch  of  a  tree  or  bush,  the  cavities  of  old  trees,', 
holes  of  houses  leading  into  some  hollow  place ;  and  whenever 
Ithe  stand  is  made,  they  all  immediately  repair  to  it,  till  they, 
are  all  collected.  But  it  would  seem,  in  some  cases,  that  they 
had  not  fixed  on  any  resting  place  before  they  came  off,  or  if 
*they  had,  that  they  were  either  disturbed,  if  it  was  near,  or 
that  it  was  at  a  great  distance ;  for  after  hovering  some  time, 
as  if  undetermined,  they  fly  away,  mount  up  into  the  air,  and; 
go  off  with  great  velocity.    When  they  have  fixed  oti  their 
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iatare  habitation,  they  immediately  begin  to  mitke  their 
coombs,  for  they  have  the  materials  within  themselves.  I  h«re 
reason  to  believe  that  they  fill  Uieir  crops  with  honey  when 
they  come  away;  probably  firem  the  stock  in  the  hive. 

A  hive  oommooly  sends  off  two,  someliKnes  three,  awsnas 
in  a  summer;  but  the  second  is  commonly  less  than  tbe 
first,  and  die  third  less  fiian  the  second;  and  this  last  has 
flddom  time  to  provide  fixr  the  winter:  they  often  threaten 
to  swarm,  but  do  not ;  whether  the  threatening  is  owimg  to 
too  many  bees,  and  their  not  swarming  is  owing  to  there 
being  no  queen,  I  do  not  know.  It  sometimes  happens  tint 
Ae  swraw  goes  back  again ;  but  in  sudi  instances  I  have 
reason  to  ihmk  that  they  have  lost  ih/mr  queeq,  for  the  hives 
to  which  their  swarm  hinre  come  back  do  not  swarm  the  next 
.  warm  day>  but  w31  hang  out  for  a  fortnigiit,  or  more,  and  ihea 
swarm;  and  when  diey  do,  the  swarm  is  commmdiy  much 
Inrger  than  before,  whidi  makes  m^  suspect  tha$  they  waited 
for  the  queen  that  was  to  have  gone  off  with  the  next  swana. 

The  materials  of  their  dwelling,  or  comb,  which  is  th^  wmx^ 
is  the  next  con^da*ati(m,  with  the  mode  of  fomi]&g,prepariBg^ 
or  disposing  of  it  The  wax  is  formed  by  the  bees  th^nsdves : 
it  may  be  called  an  external  secretion  of  ^l;  and  I  have^>uad 
that  it  is  formed  between  the  scales  of  the  under  side  of  the 
belly.  When  I  first  observed  this  substance,  in  my  examia- 
ation  of  tjie  working  bee,  I  was  at  a  loss  to  say  what  ft  was: 
I  asked  mys^  if  it  was  new  scales  forming,  and  whether  they 
cast  the  old,  as  the  lobster,  &c.  does  ?  but  it  w^  to  be  focHid 
only  between  the  scales,  on  the  lower  side  of  Ae  befiy.  Oa 
examming  the  bees  through  gtess-hivea,  wWle  they  weie 
dimbing  up  the  glass,  I  could  see  that  most  of  them  had  Ajs 
substance,  for  it  looked  as  if  the  lower,  or  posterior  e^^  of 
the  scale,  was  double,  or  that  there  were  double  seides;  b^t 
I  perceived  it  was  loose,  not  attached. 

The  oeUs,  or  rather  the  congeries  of  cdls,  which  epmpose 
the  comb,  may  be  said  to  form  perpendicular  plates,  or  par- 
titions, which  extend  from  top  to  bottom  of  the  qavity  in 
which  the V  build  them,  and  from  side  to  side.  Thqy  alwaja 
begin  at  tne  top,  or  roof  of  the  vault,  m  which  they  buiK^ 
and  work  downwards ;  but  if  the  upper  part  of  this  vault,  to 
which  their  combs  are  fixed,  is  removed,  and  a  dome  is  put , 
over,  they  begin  at  the  upper  edge  of  the  old  comb,  and  work 
up  into  the  new  cavity  at  the  top.  They  generally  may  be 
guided,  as  to  the  du-ection  of  their  new  plates  of  comb,  by 
forming  ridges  at  top,  to  which  tliey  begin  to  attach  then- 
comb.    In  a  long  hive,  if  these  ridges  are  longitudinal,  thek 
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plates  of  coiid>  iriil  be  longitudinal ;  if  olaced  tnuisverse,  so 
will  be  the  plates ;  and  if  oblique,  the  plates  of  comb  will  be 
oblique.  Each  plate  consists  of  a  double  set  of  cells,  whose 
bottoms  form  the  partition  between  each  set^^  The  plates 
tliemselyes  are  not  very  regularly  arranged,  not  formmg  a 
regular  plane  where  they  mieht  have  done  so ;  but  are  often 
ax&pted  to  the  situation,  or  shape  of  the  cavity  in  which  they 
are  built.  Hie  bees  do  not  endeavour  to  shape  their  cavity 
to  their  work,  as  the  wasps  do,  nor  are  the  cells  c^  equal 
depths,  also  fitting  them  to  their  situation ;  6ut  as  the  breeoDE^ 
eeais  must  all  be  of  a  given  depth,  they  reserve  a  sufficient 
mimber  for  breeding  in,  and  they  put* the  honey  into  tiie 
d^ers,  as  also  into  the  shallow  ones.  The  attacfamoit  of  the 
eemb  roimd  the  cavity  is  not  continued,  but  interrupted,  so 
as  to  form  passages ;  there  are  also  passages  in  the  mi^e 
ef  <iie  plates,  especially  If  there  be  a  cross  stick  to  support 
the  comb ;  these  allow  of  bees  to  go  across  firom  plate  to 
plate.  The  substance  whidi  they  use  for  attaclui^  their 
combs  to  surrounding  parts  is  not  die  same  as  the  common 
wax;  it  is  softer  and  tougher,  a  good  deal  lice  the  substance 
idth  which  they  cover  in  their  dirysaHs,  or  l3ie  humble  bee 
surrounds  her  eggs.  It  b  probd)ly  a  im^cture  of  wax  with 
fiurina. 

The  cells  are  placed  nearly  horizontally,  but  not  exactly 
00 ;  the  mouth  raised  a  little,  which  probab^  may  be  to  retain 
the  honey  the  better :  however,  this  rude  is  not  strictly  ob* 
served,  for  often  they  are  horizontal,  and  towards  the  lower 
e<%e  q[  a  plane  of  comb  they  are  often  declining.  The  first 
combs  that  a  hive  forms  are  the  smallest,  and  much  neater 
than  l^e  last  or  lowermost.  Their  sides,  or  partitions  between 
ceH  and  ceU,  are  much  thinner,  and  the  hexagon  is  much 
more  perfect.  The  wax  is  purer,  being  probaWy  little  else 
but  wax,  and  it  is  more  brittle.  The  Tower  cdmbs  are  con* 
siderably  larger,  and  contain  much  more  wax,  or,  perhaps 
more  properTjT,  more  materials;  and  die  cells  are  at  such 
distances  as  to  allow  them  to  be  of  a  round  figure:  the  wax 
is  softer,  and  there  is  something  mixed  with  it. 

llifire  is  a  ceil,  which  is  cafied  the  royal  cell,  often  three 
or  four  of  them,  sometimes  more;  I  have  seen  11,  and  even 
13  in  the  same  hive ;  commonly  they  are  placed  on  the  edge 
of  one  or  more  of  the  combs,  but  often  on  the  side  of  a  comb : 
however,  not  in  the  centre,  along  with  the  other  cells,  like  a 
large  one  placed  among  tiie  otners,  but  often  against  the 
mouths  of  the  c^lls»  and  projecting  out  beyond,  the  common 
jBurface  of  tiie  comb ;  but  most  of  them  are  formed  from  the 
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edge  of  the  comb,  which  terminates  in  one  of  these  o^lIfl« 
'^The  royal  cell  is  much  wider  than  the  others,  but  seldom  so 
deep :  its  mouth  is  round,  and  appears  to  be  the  largest  half 
of  an  oval  in  depth,  and  is  decluung  downwards,  instead  of 
being  horiaontal,  or  lateral.  The  materials  of  which  it  is 
composed  are  softer  than  common  wax,  rather  like  the  last 
•mentioned,  or  those  of  which  the  lower  edge  of  the  plate  of 
•icomb  is  made,  or  with  which  the  bees  cover  the  chrysalis : 
^they  have  very  little  wax  in  their  composition,  not  one  third, 
the  rest  I  conceive  to  be  farina. 

I  shall  not  consider  the  bee  as  an  excellent  mathematiciaii,. 
.capable  of  making  exact  forms,  and  having  reasoned  on  the 
best  shape  of  the  cell  for  capacity,  so  that  the  greatest  number, 
.might  be  put  into  the  smallest  space  ;  for  the  hornet  and  the 
wasp  are  much  more  correct,  though  not  seemingly  under  the 
same  necessity,  as  they  collect  notlnng  to  occupy  their  cells ; 
.because,  though  the  bee  is  pretty  perfect  in  these  respect% 
.yet  it  is  very  incorrect  in  others,  in  the  formation  of  the 
.comb  :  nor  shall  I  consider  these  animals  as  forming  comb  of 
^certain  shape  and  size  from  mere  mechanical  necessity,  as 
.from  worldly;  round  themselves ;  for  such  a  mould  would  not 
form  cells  of  different  sizes,  much  less  could  wasps  be  guided 
by  the  same  principle,  as  their  cells  are  of  very  ditferent  sizes, 
and  the  first  by  much  too  small  for  the  queen-wasp  to  have 
,worked  round  herself:  but  I  shall  consider  the  whole  as  an. 
jnstinctive  principle,  in  which  the  animal  has  no  power  of 
.variation,  or  choice,  but  such  as  arises  from  what  may  be 
Jcalled  external  necessity.  The  cell  has  in  common  six  sides, 
iut  this  is  most  correct  in  those  first  formed ;  and  their, 
iottom  is  commonly  composed  of  those  sides,  or  planes,  two 
p£  the  sides  making  one  ;  and  tliey  generally  fall  m  between 
]the  bottoms  of  three  cells  of  the  opposite  side  ;  but  this  is  not 
Regular,  it  is  only  to  be  found  where  there  is  no  external 
interruption. 

,  As  soon  as  a  few  combs  are  formed,  the  female  bee  begins 
laying  of  eggs.  As  far  as- 1  have  been  able  to  observe,  the 
'queen  is  the  only  bee  that  propagates,  though  it  b  asserted 
.that  the  labourers  do.  Her  first  eggs  in  the  season  are  those 
)vhich  produce  labourers  ;  then  the  males,  and  probably  the 
,queen:  this  is  the  progress  in  the  wasp,  hornet,  humble 
bee,  &c. 

\  It  is  not  easy  to  fix  the  time  when  the  eggs  are  hatched :  I 
have  been  led  to  imagine  it  is  in  five  days.  When  hatched, 
; we  find  the  young  maggot  lying  coiled  up  m  the  bottom  of 
the  cell,  in  some  degree  surrounded  with  a  transparent  fluid. 
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lii  many  of  the  cells,  where  the  eggs  are  just  hatched,  we 
find  the  skin  standing  in  its  place,  either  not  yet  removed,  or 
riot  pressed  down  by  the  maggot.  There  is  now  an  additional 
emplojrment  for  the  labourers,  namely,  the  feeding  and 
nursing  the  young  maggots.  We  may  suppose  the  queen  hsti 
nothing  to  ao  with  this,  as  there  are  at  all  times  labourers 
enough  in  the  hive  for  such  purposes,  especially,  too,  as  she 
never  brings  the  materials,  as  every  other  of  the  tribe  is 
obliged  to  do  at  first ;  therefore  she  seems  to  be  a  queen  by 
hereditary,  or  rather,  by  natural  right,  while  the  humble  bee,* 
wasp,  hornet,  &c.  seem  rather  to  work  themselves  iilto  roj^alty, 
or  mistresses  of  the  community.  The  bees  are  readily  de- 
tected feeding  the  young  maggot ;  and  indeed  a  young , 
maggot  might  easily  be  brought  up  by  any  person  who  would 
be  attentive  to  feed  it.  They  open  their  two  lateral  pincers 
to  receive  the  food,  and  swallow  it.  As  they  grow,  they 
cast  their  coats,  or  cuticles ;  but  how  often  they  throw  their 
coats,  while  in  the  maggot  state,  I  do  not  know.  I  ob- 
8jerved  that  they  often  removed  their  eggs ;  I  also  find  they 
very  often  shift  the  maggot  into  another  cell,  even  when 
very  large. 

,  The  maggots  grow  larger  till  they  nearly  fill  the  cell ;  and 
by  this  time  they  require  no  more  food,  and  are  ready  to  be 
inclosed  for  the  chrysalis  state  :  how  this  period  is  discovered 
t  do  not  know,  for  in  every  other  insect,  as  far  as  I  am 
acquainted,  it  is  an  operation  of  the  maggot,  or  caterpillar 
itself;  but  in  the  common  bee,  it  is  an  operation  of  the 
perfect  animal ;  probably  it  arises  from  the  maggot  refusing 
^>od.  The  time  between  their  being  hatched  and  their  beinff 
inclosed  is,  I  believe,  four  days ;  at  least,  from  repeated 
observations,  it  comes  nearly  to  that  time :  when  ready  for 
the  chrysalis  state,  the  bees  cover  over  the  mouth  of  the  cell, 
with  a  substance  of  a  light  brown  colour,  much  in  the  same 
manner  that  they  cover  the  honey,  excepting  that,  in  the 
present  instance,  the  covering  is  convex  externally,  and 
appears  not  to  be  entirely  wax  but  a  mixture  of  wax  and 
rarina.  The  maggot  is  now  perfectly  enclosed,  and  it  begins 
to  line  the  cell  and  covering  of  the  mouth  above  mentioned, 
with  a  silk  it  spins  out  similar  to  the  silk-worm,  and  which 
makes  a  kind  of  pod  for  the  chrysalis.  Bonnet  observed^ 
that  in  one  instance  the  cell  was  too  short  for  the  chrysalis, 
and  it  broke  its  covering,  and  formed  its  pod  higher,  or  more 
convex  than  conomon :  this  I  can  conceive  possible  ;  we  often 
986  it  in  the  wasp.  Having  completed  this  lining,  they 
cast  off,  or  rather  shove  off,  from  the  head  backwards^  fhe 
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kst  maggot  coat,  which  is  deposited  at  the  bottom  of  the 

celiy  and  then  they  become  chrysalises* 

One  would  nati^rally  suppose  that  the  food  of  the  maggot^ 
bee  should  be  honey,  both  because  it  is  the  food  of  the  old 
c^es,  and  it  is  what  they  appear  principally  to  c<^ect  for^ 
themselves ;  however,  the  circumstance  of  honey  being  food 
for  the  old  ones  is  no  argument,  because  veir  few  youn^ 
animals  live  on  the  same  food  wiUi  the  old,  and  therefore  it 
is  probable  the  maggot-bee  does  not  live  on  honey ;  and  if 
we  reason  from  anaJogy,  we  shall  be  led  to  suppose  the  bee- 
bread  to  be  the  food  of  the  maggot    It  is  the  food  of  the 
tOBggot  of  the  humble  bee,  who  feeds  on  honey,  and  even 
lays  up  a  store  of  honey  for  a  wet  day,  yet  does  not  ieed  the 
young  with  it.    It  is  the  food  of  the  maggot  of  a  black  bee, 
and  {3so  of  several  others  of  the  solitary  kind,  who  also  feed 
on  honey ;  and  wasps,  &c.  who  do  not  bring  in  such  materials, 
do  not  feed  themselves  on  honey.    We  cannot  suppose  that 
the  bee-bread  is  for  the  food  of  the  old  bees,  when  we  see 
them  collecting  it  in  th^  months  of  June,  July,  &c.  at  which 
time  they  have  honey  in  great  plenty.    This  substance  is  as 
common  to  a  hive  as  any  part  l^elonging  to  the  economy  o£ 
bees.    Before  they  have  formed  five  or  six  square  inches  of 
comb  in  a  young  liive,  we  find  eggs,  honey,  and  bee-bread ; 
and  if  a  hive  is  short  of  honey,  and  dies  in  the  winter,  we  find 
no  honey,  but  all  the  bee-bread,  which  was  laid  up  in  store 
for  the  maggots  in  the  spring.    They  take  great  care  of  it, 
for  it  is  often  covered  over  with  wax,  as  the  honey,  and  I 
believe  more  especially  in  the  winter ;  probably  with  a  view 
to  preserve  it  till  wanted. 

This  substance  they  bring  in  on  their  legs,  and  it  consists 
of  the  farina  of  plants.  It  is  not  the  farina  of  every  plant 
that  the  bee  collects,  at  least  they  are  found  gathering  it 
from  some  with  great  industry,  while  we  never  find  them  on 
others :  St.  John  s  wort  is  a  favourite  plant,  but  that  comes 
late.  The  flower  of  the  gourd,  cucumber,  &c.  they  seem  to- 
be  fond  of.  It  is  curious  to  see  them  deposit  this  substance 
in  the  cell.  On  viewing,  the  hives,  we  often  see  bees  witir 
this  substance  on  their  legs,  moving  along  on  the  combs,  as 
if  looking  out  for  the  ceU  to  deposit  it  in.  They  will  often  walk 
over  a  cell  that  has  some  deposited  in  it,  but  leave  that  and 
try  another,  and  so  on  till  they  fix ;  which  made  me  conceive 
that  each  bee  had  its  own  cell.  When  they  Come  to  Ae 
intended  cell,  they  put  their  two  hind  legs  into  it,  with  the 
two  fore  legs  and  the  trunk  out  on  the  mouth  of  the  neigh- 
bouring cell,  and  then  the  tail,  or  belly,  is  tlmist  down  into 
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'  the  iatencted  cell ;  they  ibsn  bring  the  leg  under  the  beliy, 
ttml  turning  the  point  of  the  tail  to  the  outside  of  the  leg, 
wherein  the  farina  is^  they  shove  it  off  by  the  point  of  the 
taiL  When  it  is  thus  shoved  off  both  legs,  the  bee  leaves  it, 
and  the  two  pieces  of  farina  may  be  seen  lying  at  the  bottom 
of  the  cell :  another  bee  comes  almost  immediately,  and 
creeping  into  the  cell,  contmues  about  five  minutes,  kneading 
and  working  it  down  into  the  bottom,  or  spreads  it  over  ivhat 
was  deposited  there  before,  leaving  it  a  smooth  surface. 

It  is  of  a  consistency  like  paste ;  burns  ^ighdy,  and  giveB 
a  kind  of  unusual  Ismell,  probably  from  having  been  mixed 
with  animal  juice  in  the  act  of  kneading  it  down ;  for  when 
brought  in,  it  is  rather  a  powder  than  a  paste.  That  it  is  the 
food  of  the  maggot  id  proved  by  examining  the  animal'^ 
stomach ;  for  when  we  kill  a  maggot  full  grown.  We  find  its 
stomach  full  of  a  similar  substance,  only  softer,  as  if  mixed 
with  a  fluid,  but  we  never  find  honey  in  the  stomach ;  there- 
fore we  are  to  suppose  it  is  collected  as  food  for  the  maggot, 
as  much  as  himey  is  for  the  old  bee. 

In  the  chrysalis  state  they  are  forming  themselves  for  a 
new  life  :  they  are  either  entirely  new  built,  or  wonderfully 
chansed,  for  Uiere  is  not  the  smsdlest  vestige  of  the  old  form 
remaming ;  yet  it  must  be  the  same  materials,  for  now  nothing 
is  taken  in.    How  far  this  change  is  only  Uie  old  parts  new 
modelled,  or  gradually  altering  their  form,  is  not  easily  de- 
termined.    To  bring  about  the  change,  many  parts  must  be 
removed,  out  of  which  the  new  ones  are  probably  formed. 
When  the  chrysalis  is  formed  into  the  complete  bee,  it  then 
destroys  the  covering  of  its  cell,  and  comes  f6^th.     The  time 
it  continues  in  this  state  is  easier  ascertained  than  either  in 
that  of  the  egg  or  the  maggot ;  for  the  bees  cannot  move  the 
chrysalis,  as  they  do  the  two  others.    In  one  instance  it  was 
IS  days  and  12  hours  exactly ;  so  that  an  egg  in  hatching 
bemg  five  days,  the  age  of  the  maggot  being  four  days,  and 
the  chr3rsalis  continuing  13^,  the  whole  makes  22^  days. 

When  the  .swarm  is  a  large  one,  more  especially  if  it  was 
put  into  too  small  a  hive,  it  often  breeds  too  many  for  the  hive 
to  keep  through  the  winter;  and  in  such  case  a  new  swarm  is 
thrown  off,  which,  however,  is  commonly  not  a  large  one,  and 
genersQly  has  too  little  time  to  complete  its  comb,  and  store  it 
with  honey  sufiicient  to  preserve  them  through  the  winter. 

The  new  colony  immediately  sets  about  the  increase  of 
their  numbers,  and  every  thing  relating  to  it.  They  have 
their  apartments  to  build,  both  for  the  purpose  of  breeding, 
and  as  a  storehouse  for  provisions  for  the  winter.    Whai  ^be 
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Beason  for  laying  eggs  is  overy  then  is  the  season  for  cc»Qe<:t- 

ing  honey ;  therefore,  when  the  last  chirsalis  for  the  season 
comes  forth,  its  cell  is  immediately  fiUed  with  honey,  and  as 
soon  as  a  cell  is  full,  it  is  covered  over  with  pure  wax,  and  is 
to  be  considered  as  a  store  for  the  winter.  This  covering 
answers  two  very  essential  purposes :  one  is  to  keep  it  from 
spilling,  or  daubing  the  bees ;  the  other  to  prevent  its  evapor- 
ation, by  which  means  it  is  kept  fluid  in  such  a  warmth. 
They  are  also  employed  in  laying  up  a  store  of  bee-bread  for 
the  young  maggots  in  the  spring,  for  they  begin  to  bring 
forth  much  earher  than  probably  any  other  insect,  because 
they  retain  a  summer  heat,  and  store  up  food  for  the  young.  - 

In  the  month  of  August,  as  the  males  do  not  provide  £af 
themselves,  they  become  burdensome  to  the  workers,  and  are 
therefore  teased  to  death  much  sooner  than  they  otherwise 
would  die ;  and  when  the  bees  set  about  this  business,  of  pro- 
viding their  winter-store,  every  operation  is  over,  except  the 
collecting  of  honey  and  bee-bread.  At  this  time  it  would 
seem  as  if  the  males  were  conscious  of  their  danger,  for  they 
do  not  rest  on  the  mouth  of  the  hive  in  either  going  out  or 
coming  in,  but  hurry  either  in  or  out:  however,  they  are 
commonly  attacked  by  one,  two,  or  three  at  a  time :  they. 
seem  to  make  no  resistance,  only  getting  away  as  £ast  as 
possible.  The  labourers  do  not  sting  them,  only  pinch  thenar 
and  pull  them  about  as  if  to  wear  them  out ;  but  I  suspect  it 
may  be  called  as  much  a  natural  as  a  violent  death. 

The  queen,  the  mother  of  all,  in  whatever  way  produced, 
is  a  true  female,  and  different  from  both  the  labourers  and 
the  male.  She  is  not  so  large  in  the  trunk  as  the  male,  and 
appears  to  be  rather  larger  in  every  part  than  the  labourers; 
The  fcales  on  the  under  surface  of  the  belly  of  the  labourers 
are  not  uniformly  of  the  same  colour,  over  the  whole  scale ; 
that  part  being  lighter  which  is  overlapped  by  the  terminat- 
ing scale  above,  and  the  uncovered  part  being  darker :  this 
li^t  part  does  not  terminate  in  a  straight  line,  but  in  two 
curves,  making  a  peak;  all  which  gives  the  belly  a  lighter 
colour  in  the  labouring  bees;  more  especially  when  it  is 
pulled  out  or  elongated.  The  tongue  of  ihe  female  is  con- 
siderably shorter  than  that  of  the  kbouring  bee,  more  like 
that  of  the  male :  however,  the  tongues  of  the  labourers  are 
not  in  all  of  an  equal  length,  but  none  have  it  so  short  as 
the  queen.  The  size  of  the  belly  of  the  female  of  such  ani- 
mals varies  a  little,  according  to  the  condition  they  are  in : 
but  the  belly  of  the  male  and  the  labourer  has  but  little  occa- 
sion to  change  its  size,  as  they  are  at  all  times  nearly  in  the 
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sa^ie  condition  with  regard  to  fat,  having  always  plenty  o.f 
provision:  but  the  true  female  varies  very  considerably;  she! 
is  of  a  different  size  and  shape  in  the  summer  from  what  she 
is  in  the  winter ;  and  in  the  winter  she  has  what  may  be 
called  her  natural  size  and  shape ;  she  is,  on  the  whole,  rather 
thicker  than  the  labourer. 

I  believe  a  hive,  or  swarm,  has  but  one  queen,  at  least  I- 
have  never  foifnd  more  than  one  in  a  swarm,  or  in  an  old 
hive  in  the  winter ;  and,  probably,  this  is  what  constitutes  a 
hive ;  for  when  there  are  two  queens,  it  is  likely  that  a  divi- 
sion may  begin  to  take  place. 

The  male  bee  is  considerably  larger  than  the  labourers : 
he  is  even  larger  than  the  queen,  though  not  so  long  when 
she  is  in  her  ndl  state  with  eggs :  he  is  considerably  thicker 
thkn  either,  but  not  longer  in  the  same  proportion  :  he  does. 
not  terminate  at  the  anus  in  so  sharp  a  point ;  and  the  open- 
ing between  the  last  two  scales  of  the  back  ^d  belly  is. 
larger,  and  more  under  the  belly,  than  in  the  female.  His 
proboscis  is  much  shprter  than  that  of  the  labouring  bee,, 
which  makes  me  suspect  he  does  not  collect  his  own  honey, 
but  takes  that  which  is  brought  home  by  the  others  ;  espe- 
cially as  we  never  find  the  males  abroad  on  flowers,  &c,  only 
flying  about  the  hives  in  hot  weather,  as  if  taking  an  airing ; 
and  when  we  find  that  the  male  of  the  humble  bee,  which 
collects  its  own  food,  has  as  long  a  proboscis,  or  tongue,  as  the 
female,  I  think  it  is,  from  all  these  facts,  reasonable  to  sup- 
pose, that  the  male  of  the  common  bee  feeds  at  home.  He 
has  no  sting. 

The  labouring  bee  is  the  largest  in  number  of  the  whole 
community :  there  are  thousands  of  them  to  one  queen,  and, 
probably,  some  hundreds  to  each  male,  as  we  shall  see  by 
andi  by.  It  is  to  be  supposed  they  are  the  only  bees  which 
construct  the  whole  hive,  and  that  the  queen  has  no  other 
business  but  to  lay  the  eggs :  they  are  the  only  bees  that  bring 
in  materials ;  the  only  ones  we  observe  busy  abroad ;  and, 
indeed,  the  idea  of  any  other  is  ridiculous,  when  we  consider 
the  disproportion  in  numbers,  as  well  as  the  employment  of 
the  others,  while  the  working  bee  has  nothing  to  take  off  its 
attention  to  the  business  of  the  family.  They  are  smaller 
than  either  the  queen  or  the  males :  not  all  of  equal  size, 
though  the  difference  is  not  very  great. 

The  number  of  labourers  in  a  hive  varies  very  considerably. 
In  one  hive  there  were  3338,  in  another  4472,  in  one  that 
died  there  were  2432.  That  I  might  guess  at  the  i^umber  of 
been  from  a  iriven  bulk,  I  counted  what  number  an^e-hquse 
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pint  held,  when  wet,  and  found  it  contained  2160,  ^tierefore, 
as  some  swarms  will  fill  two  quarts,  such  must  consist  of  near 
9000. 

Bees  certainly  have  the  five  senses.  Sight  ncme  can  doubt. 
Feeling  they  also  have ;  and  there  is  eveiy  reason  for  sap- 
posing  they  have  likewise  taste,  smell,  and  hearing.  Taste 
we  cannot  doubt ;  but  of  smell  we  may  not  have  such  proofi : 
yet,  from  observation^  I  think  they  give  strong  signs  of  smeU. 
iBees  may  be  said  to  have  a  voice.  They  are  certainly  capa- 
ble of  Arming  several  sounds.  They  give  a  sound  when 
flying,  which  they  can  vary  according  to  circumstances.  One 
accustomed  to  bees  can  immediately  tell  when  a  bee  makes 
ain  attack  by  the  sound. 

It  is  only  the  queen  and  the  labourers  that  have  stings ; 
and  this  provision  of  a  sting  is,  perhaps,  as  curious  a  circum- 
stance as  any  attending  the  bee,  and  probably  is  one  of  the 
characters  of  the  bee-tribe.  The  apparatus  itself  is  of  a  very 
curious  construction,  fitted  for  inflicting  a  wound,  and  at  tte 
same  time  conveying  a  poison  into  that  woimd.  The  appa- 
ratus consists  of  two  piercers,  conducted  in  a  groove  or  durec- 
tor,  which  appears  to  be  itself  the  stbg.  This  groove  is 
somewhat  thick  at  its  base,  but  terminates  in  a  point;  it  is 
articulated  to  tlie  last  scale  of  the  upper  side  of  the  abdomen 
by  13  thin  scales,  six  on  each  side,  and  one  behind  the  rec* 
tum.  These  scides  enclose,  as  it  were,  the  rectum  or  anus 
all  round ;  they  can  hardly  be  said  to  be  articulated  to  each 
,  other,  -  only  attached  by  thin  membranes,  which  allow  of  a 
variety  of  motions;  three  of  them,  however,  are  attached 
more  closely  to  a  round  and  curved  process,  whidi  comes 
from  the  basis  of  the  groove  in  which  the  sting  lies,  as 
also  to  the  curved  arms  of  the  sting,  which  spread  out 
externally. 

The  two  stings  may  be  said  to  begin  by  those  two  curved 
processes  at  their  union  with  the  s^es,  and  converging  to- 
wards the  groove  at  its  base,  which  they  enter,  ihea  pass 
along  it  to  its  point.  They  are  serrated  on  their  outer  ecl^es, 
near  to  the  point.  These  two  stings  can  be  thrust  out  beyond 
the  groove,  though  not  far,  and  they  can  be  drawn  within 
it;  and,  I  believe,  can  be  moved  singly.  All  these  parts 
are  moved  by  muscles,  which,  we  may  suppose,  are  veiy 
strong  in  them,  much  stronger  than  in  other  animals;  and 
these  muscles  give  motion  in  fdmost  all  directions,  but  more 
particularly  outwards.     It  is  wonderful  how  deep  they  wiD 

{)ierce  solid  bodies  with  the  sting.    I  have  examined  the 
ength  they  have  pierced  the  paln^cjf^|h^  hand,  which  is 
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covered  with  a  tluck  cuticle:  it  .has  often  b^n  about  the 
.one-twelfth  of  an  inch. 

The  apparatus  for  the  poison  consists  of  two  small  ducts, 
which  are  the  glands  that  secrete  the  poison :  these  two  lie 
In  the  abdomei),  among  the  air-cells,  &c. :  they  both  unite 
into  one,  which  soon  enters  into,  or  forms,  an  oblong  bag, 
like  a  bladder  of  urine ;  at  the  opposite  end  of  which  passes 
out  a  duct,  which  runs  towards  the  angle  where,  the  two 
stings  meet;  and  entering  between  the  two  stings  is  con- 
tinued between  them  in  a  groove,  which  forms  a  cfmal  by  the 
union  of  the  two  stings  to  this  point.  There  is  another  duct 
on  the  right  of  that  described  above,  which  is  not  so  circum- 
scribed, and  contains  a  tiiicker  matter,  which,  as  far  as  I  have 
been  able  to  juge,  enters  along  with  the  other:  but  it  is  the 
first  that  contains  the  poison,  which  is  a  thin  dear  fluid. 

From  the  stings  having  serrated  edges,  it  is  seldom  the 
bees  can  disengage  them ;  and  they  immediately,  on  stinging, 
endeavour  to  make  their  escape,  but  are  generaJly  prevented, 
being,  as  it  were,  caught  in  their  own  trap ;  and  the  force 
they  use  commonly  drags  out  the  whole  of  the  iq^aratus 
for  stmging,  and  aJso  part  of  the  bowels ;  so  that  tiie  bee 
most  frequently  &lls  a  sacrifice  immediately  on  having 
effected  its  purpose. 

The  life  of  the  male  is  only  one  summer,  or  rather  a  month 
or  two ;  and  this  we  know  from  there  being  none  in  the  win- 
ter, otherwise  their  age  could  not  be  ascertained,  as  it  is  im- 
possible to  learn  the  age  of  either  the  queen  or  labourers. 
&ut  I  think  it  is  probaUe,,  also,  tiiat  a  certain  number  of 
T^oung  ones  may  be  retained  to  keep  up  the  stock,  as  we 
must'  su{^se  that  many  of  the  old  ones  are,  &om  accidents 
of  various  kinds,  lost  to  the  hive ;  and  we  could  conceive, 
that  a  hive  three  or  four  years  old  might  not  have  an  original 
bee  in  it,  though  a  bee  might  Hve  twice  that  time.  But  there 
must  be  a  period  for  a  bee  to  live ;  and,  if  I  were  to  judge 
from  analogy,  I  should  say,  that  a  bee's  natural  life  is  limited 
^  a  certani  number  of  seasons. 


t^ffoauni  if  gome  renmrhaifie  Craves  in  tke  PrincipaUty  of  Bay* 
«ttK^  and.<f  the  Fossii  Bones  found  there.  By  John 
Bu2fTs^,&g — [179*.] 

A  RXBGB  of  primeval  mountains  runs  almost  through  Ger- 
•many:  the  highest  parts  of  this  ric^ge  are  granite,  and  are 
flanked  by  aHuvkdand  stratified  mountains,  consistii^  chiefly 
of  limestone,  marl>  and  sandstone ;  such  at  least  is  the  tract 
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of  hiUs  in  which  the  caves  to  be  spoken  of  are  situated,  and 
over  these  hills  the  main  road  leads  from  Bayreuth  to  Erlang, 
or  Nurenberg. 

The  tract  of  hills  is  there  broken  ofP  by  many  small  and 
narrow  vallies,  confined  mostly  by  steep  ana  high  rocks,  here 
and  there  overhanging,  and  threatening,  as  it  were,  to  fall  and 
crush  all  beneath ;  and  every  where  thereabouts  are  to  be 
met  with  objects  which  suggest  the  idea  of  their  being 
evident  vestiges  of  some  general  and  mighty  catastrophe, 
which  happened  in  the  pruneval  times  of  the  globe.  The 
strata  of  these  hills  consist  chiefly  of  limestone  of  various  co- 
lour and  texture,  or  of  marl  and  sandstones.  The  tract  of 
limestone-hills  abounds  with  petrifactions  of  various  kinds. 

The  main  entrance  to  the  caves  of  Gailenreuth  opens  near 
the  summit  of  a  limestone-hill  toward^  the  east.  An  arch, 
near  seven  feet  high,  leads  into  a  kind  of  ante-chamber,  80 
feet  in  length  and  300  feet  in  circumference,  which  consti- 
tutes the  vestibule  of  four  other  caves. 

In  die  passage  to  the  third  cave,  some  teeth  and  fragments 
of  bones  are  found ;  but  coming  down  to  the  pit  of  the  cave, 
you  are  every  where  surrounded  by  a  vast  heap  of  animal  re- 
mains. The  bottom  of  this  cave  is  paved  with  a  stalactical 
crust  of  near  a  foot  in  thickness  ;  large  and  small  fragments 
of  all  sorts  of  bones  are  scattered  every  where  on  the  surface 
of  the  ground,  or  are  easily  drawn  out  of  the  mouldering  rub- 
bish. The  very  walls  seem  filled  with  various  and  innumer-  * 
able  teeth  and  broken  bones.  The  stalactical  covering  of  the 
uneven  sides  of  the  cave  does  not  reach  quite  down  to  its 
bottom,  by  which  it  plainly  appears  that  this  vast  collection 
of  animal  rubbish  some  time  ago  filled  a  higher  space  in  the 
cave,  before  the  bulk  of  it  sunk  by  mouldering. 

This  place  is  in  appearance  very  like  a  lai^e  quarry  of 
sandstones;  and,  indeed,  the  largest  and  finest  blocks  of 
osteolithical  concretes  might  be  hewn  out  in  any  number> 
if  there  was  but  room  enough  to  come  to  them,  and  to  carry 
them  out.  This  bony  rock  has  been  dug  into  in  different 
places,  and  every  where  undoubted  proofs  have  been  met 
with,  that  ite  bed,  or  this  osteolithical  stratum,  extends  evenr 
way  far  beneath  and  through  the  limestone-rock,  into  whidi 
and  through  which  these  caverns  have  been  made,  so  that  the 
queries  suggesting  themselves  about  the  afltonishing  numbers 
of  anin^als  buried  here  confound  all  speculation.  Along  the 
sides  of  this  cavern  are  some  narrower  (openings,  leadu^  Info 
different  smaller  chambers,  of  which  it  cannot  be  saia  how 
deep  they  go*    In  some  of  them,  bones  of  nnaller  animals 
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have  been  found,  such  as  jaw-bones,  vertebrae,  and  tibiae,  in 
hirge  heaps. 

The  bottom  of  this  cave  slopes  toward  a  passage  seven 
feet  high,  and  about  as  wide,  being  the  entrance  to  a 

Fourth  cave,  20  feet  high  and  15  wide,  lined  all  round  with 
a  stalactical  crust,  and  gradually  sloping  to  another  steep  de« 
scent,  where  the  ladder  is  wanted  a  second  time,  and  must 
be  used  with  caution  as  before,  to  get  into  a  cave  40  feet 
high,  and  about  half  as  wide.  ,  In  those  deep  and  spacious 
hollows,  worked  out  through  the  most  solid  mass  of  rock,  you 
again  perceive,  with  astonishment,  immense  numbers  of  bony 
fragments  of  all  kinds  and  sizes,  sticking  every  where  in  the 
sides  of  the  cave,  or  lying  on  the  bottom. 

Besides  smaller  hollows  round  this  fourth  cave,  a  very  nar- 
row opening  has  been  discovered  in  one  of  its  comers*  It  is 
of  very  difficult  access,  as  it  can  be  entered  only  in  a  crawl- 
ing posture.  This  dismal  and  dangerous  passage  leads  into  a 
fifth  cave,  of  near  30  feet  high,  43  long,  and  of  unequal 
breadth.  To  the  depth  of  six  feet  this  cave  has  been  dug, 
^d  nothing  has  been  found  but  fragments  of  bones,  an4 
animal  mould :  the  sides  are  finely  decorated  with  stalactites 
of  different  forms  and  colours  ;  but  even  this  stalactical  crust 
is  filled  with  fragments  of  bones  sticking  in  it,  up  to  the  very 
roof.    From  this  remarkable  cave,  another  verv  low  and  nar- 

•  row  avenue  leads  into  the  last  discovered,  or  the 

Sixth  cave,  not  very  large,  and  merely  covered  with  a  sta- 
lactical crus^  in  which,  however,  here  and  there  bones  are 
seen  sticking. 

The  bones  ^ent  by  the  Margrave  of  Anspach  agree  with 
those  described  and  delineated  by  Esper  as  belonging  to  the 

•  white  bear ;  how  far  they  are  of  the  same  species  among 
themselves,  I  cannot  say :  the  heads  differ  in  shape  from  each 
other ;  they  are,  on  the  whole,  much  longer  for  their  breadth 
than  in  any  carnivorous  animal  I  know  of;  they  also  differ 
from  the  present  white  bear,  which,  as  far  as  I  have  seen,  has 
a  common  proportional  breadth ;  it  is  supposed,  indeed,  that 
the  heads  of  the  present  white  bear  differ  from  each  other,  but 
the  truth  of  this  assertion  I  have  not  seen  heads  enough  of 
that  animal  to  determine.  The  heads  not  only  vary  in  shape, 
but  also  in  size,  for  some  of  them,  when  compared  with  the 
recent  white  bear,  would  seem  to  have  belonged  to  an  animal 
•twice  its  size,  while  some  of  the  bones  correspond  in  size  with 
those  of  the  white  bear,  and  others  are  even  smaller. 

T  -  Bones  of  animals  under  circumstances  so  similar,  though  in 
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difFerent  parts  of  the  globe>  one  would  have  naturally  sap^ 
posed  to  consist  chiefly  of  those  of  one  class  or  order  in  every, 
place,  one  principle  actmg  in  all  places*  In  Gibraltar  they  are 
mostly  of  toe  nunmating  tribe,  of  the  hare  kind,  and  the  bones 
of  birds ;  vet  there  are  some  of  a  small  dog  or  fox,  and  also 
shells.  Those  in  Dalmatia  appear  to  be  mostly  of  the  rumin-^ 
atlng  tribe,  yet  I  sair  a  part  of  the  os  hyoides  of  a  horse; 
but  those  fh>m  Germany  are  mostly  carnivorous.  From  these 
facts  we  should  be  inclmed  to  suppose,  that  their  accumula- 
tbn  did  not  arise  from  any  mstinctive  mode  of  living,  as  the 
same  mode  could  not  suit  both  carnivorous  and  herbivorous 
animals. 

If  the  sea  had  not  shifted  its  situation  more  than  once,  and 
was  to  leave  the  land  in  a  very  short  time,  then  we.  could  de- 
termine what  the  climate  had  formerly  been  by  the  extraneous 
fossils  of  the  stationary  animals,  for  those  only  would  be  found 
mhced  with  those  of  passage ;  but  if  the  sea  moves  from  one 
place  to  another  slowly,  then  the  remains  of  animals  of  di& 
ferent  climates  may  be  mixed,  by  those  of  one  climate 
moving  over  those  of  another,  dying,  and  being  fo&^ised  { 
but  this  I  am  afraid  cannot  be  made  out.  By  the  fossils,  we 
may,  however,  have  some  idea  how  the  bones  of  the  land 
animals  fossilised  may  be  disposed  with  respect  to  those  of 
the  sea. 

If  the  sea  should  have  occupied  any  ^>ace  diat  never  had 
been  dry  Ifuid  prior  to  the  sea  s  being  there,  the  extraneous 
fossils  can  only  be  those  of  sea  animals ;  but  each  part  will 
have  its  particular  kind  of  those  that  are  stationary  mixed  with 
a  few  of  the  amphibia,  and  of  sea  birds,  in  those  parts  that 
were  the  skirts  of  the  sea.  I  shall  suppose  that  when  the  sea 
left  this  place  it  moved  over  land  where  bo^  vegetables  and 
land  animals  had  existed,  the  bones  of  which  will  be  fossilised, 
as  also  those  of  the  sea  animals;  and  if  the  sea  continued 
long  here,  which  there  is  reason  to  believe,  then  those  mbced 
extraneous  fossils  wiU  be  covered  with  those  of  sea  animals. 
Now  if  the  sea  should  again  move  and  abandon  this  situation, 
then  we  should  find  the  land  and  seaTossils  above  mentioned 
disposed  in  this  order ;  and  as  we  be^  to  discover  extraneous 
fossils  in  a  contrary  dbrection  to  their  formation,  we  shall  first 
find  a  stratum  of  those  of  animals  peculiar  to  the  sea,  which 
were  the  last  formed,  and  under  it  one  of  vegetables  and  land 
animals,  which  were  there  before  they  were  covered  by  the 
sea,  and  among  them  those  of  the  sea,  and  under  this  the 
common  earth.    Those  peculiar  to  the  sea  will  be  in  depth  in 
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proportion  to  the  time  of  the  sea's  residence,  and  other  cir- 
cumstances, as  currents,  tides,  &c. 

From  a  succession  of  such  shiftings  of  the  situation  of  the 
sea  we  may  have  a  stratum  of  marine  extraneous  fossils,  one 
of  earth,  mixed  probably  with  vegetables  and  bones  of  land 
animals,  a  stratum  of  terrestrial  extraneous  fossils,  then  one 
of  marine  productions ;  but  from  the  sea  carrying  its  inha- 
bitants alonff  with  it,  wherever  there  are  those  of  land  animals 
there  will  &o  be  a  mixture  of  marine  ones ;  and  from  the 
$ea  commonly  remaining  thousands  of  years  in  nearly  the 
same  situation,  we  have  marine  fossils  unmixed  with  any 
others. 


On  ^  NoBture  and  CongtrucHan  cf'ih^  Sun  and  fixed  Start. 
By  William  HssscHSLf  LL.  Z>-  F.R.  S.  —  [1795.] 

Among  the  celestial  bodies  the  sun  is  certainly  the  first 
whiOh  should  attract  our  notice.  It  is  a  fountain  of  light  that 
illuminates  the  world !  it  is  the  cause  of  that  heat  which 
maintains  the  productive  power,  and  makes  the  earth  a  fit 
faabHatioQ.  for  man !  it  is  the  central  body  of  our  planetary 
system;  and  what  renders  a  knowledge  of  its  nature  still  more 
interesting  to  us  is,  that  the  numberless  stars  which  compose 
the  universe,  appear,  b^  the  strictest  analogy,  to  be  similar 
bodies.  Their  innate  light  is  so  intense,  that  it  reaches  the 
eye  of  the  observer  from  the  remotest  regions  of  space,  and 
forcibly  claims  his  notice. 

In  the  year  1779,  there  was  on  the  sun  a  spot  laree  enough 
to  be  seen  with  the  naked  eye.  Bva  view  of  it  with  a  sevens- 
feet  reflector,  charged  with  a  very  high  power,  it  appeared  to 
be  divided  into  two  parts.  The  larger  of  them,  on  die  19th 
of  April,  measured  1'  8".06  in  diameter ;  which  is  equal  in 
length  to  more  than  31,000  miles.  Both  together  must  cer- 
tainly have  extended  above  50,000. 

When  we  see  a  dark  belt  near  the  equator  of  the  planet 
Jupiter,  we  do  not  recur  to  earthquakes  and  volcanoes  for  its 
or^pji.  An  atmosphese,  with  its  natural  changes,  will  explain 
such  belts.  Our  spot  in  the  "sun  may  be  accounted  for  on  the 
same  principles.  The  earth  is  surrounded  by  an  atmosphere, 
composed  of  various  elastic  fluids.  The  sun  also  has  its  at- 
mosphere, and  if  some  of  the  fluids  which  enter  into  its  com- 
position should  be  of  a  shining  brilliancy,  in  the  manner  that 
will  be  explained  hereafter,  while  others  are  merely  trans- 
parent, any  temporary  cause  which  may  remove  the  lucid  fluid , 
wiU  permit  us  to  see  the  body  of  the  sun  through  the  trans- 
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parent  ones.  If  an  observer  were  placed  on  the  moon,  he 
would  see  the  solid  body  of  our  earth  only  in  those  places 
where  the  transparent  fluids  of  our  atmosphere  would  permit 
him.  In  others,  the  opaque  vapours  would  reflect  the  light  of 
the  sun,  without  permitting  his  view  to  penetrate  to  the  surface 
of  our  globe. 

I  concluded,  from  appearances,  that  I  viewed  the  real  solid 
body  of  the  sun  itself,  of  which  we  rarely  see  more  than  its 
shining  atmosphere.  In  the  year  1783,  I  observed  a  fine 
large  spot,  and  followed  it  up  to  the  edge  of  the  sim's  Hmb. 
Here  I  took  notice  that  the  spot  was  plainly  depressed  below 
the  surface  of  the  sun ;  and  that  it  had  very  broad  shelving 
sides.  I  also  suspected  some  part  at  least  of  the  shelving 
sides  to  be  elevated  above  the  surface  of  the  sun ;  and  ob- 
served that,  contrary  to  what  usually  happens,  the  margin  of 
that  side  of  the  spot,  which  was  farthest  from  the  limb,  was 
the  broadest. 

The  luminous  shelving  sides  of  a  spot  may  be  explained  by 
a  gentle  and  gradual  removal  of  the  shining  fluid,  which  per- 
mits us  to  see  the  globe  of  the  sun.  As  to  the  uncommon 
appearance  of  the  broadest  margin  being  on  that  side  of  the 
spot  which  was  &rthest  from  the  limb  when  the  spot  came 
near  the  edge  of  it,  we  may  surmise  that  the  sun  has  inequa- 
lities on  its  surface,  which  mav  possibly  be  the  cause  of  it. 
For  when  mountainous  countries  are  exposed^  if  it  should 
chance  that  the  highest  parts  of  the  landscape  are  situated  so 
as  to  be  near  that  side  of  the  margin,  or  penumbra  of  the 
spot,  which  is  towards  the  limb,  it  may  partly 'intercept  our 
view  of  it,  when  the  spot  is  seen  very  obliquely. 

The  difference  in  the  vanishing  oi  the  shelving  side  may, 
perhaps,  be  accounted  from  the  real  difference  of  the  extent, 
the  arrangement,  the  height,  and  the  intensity  of  the- shining 
fluid,  added  to  the  occasional  changes  that  may  happen  in 
these  particulars,  during  the  time  in  which  the  spot  ap- 
proaches to  the  edge  of  the  disk. 

In  the  year  1791, 1  examined  a  large  spot  in  the  sun,  and 
found  it  evidently  depressed  below  the  level  of  the  surface ; 
about  the  dark  part  was  a  broad  margin,  or  plane  of  consider- 
able extent,  less  bright  than  the  sun,  and  also  lower  than  its 
surface.  This  plane  seemed  to  rise,  with  shelving  sides,  hp 
to  the  place  where  it  joined  the  level  of  the  surface.  In  con- 
firmation of  these  appearances,  I  carefully  remarked  that  the 
disk  of  the  sun  was  visibly  convex. 

Aug.  26. 1792, 1  examined  the  sun  with  several  powers, 
from  90  to  500.    It  appeared  evidently  that  the  black  spots 
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are  the  opaque  ground,  or  body  of  the  sun,  and  that  the  lur 
minous  p^rt  is  an  atmosphere,  which,  being  interrupted  or 
broken,  gives  us  a  transient  glimpse  of  the  sun  itself.  The 
seven-feet  reflector,  which  was  in  high  perfection,  represented 
the  spots,  as  it  always  used  to  do,  much  depressed  below' the 
surface  of  the  luminous  part.  Sept  2,  1792, 1  saw  two  spots 
in  Uie  sun  with  the  naked  eye.  In  the  telescope  I  found 
th^y  were  clustei's  of  spots,  with  many  scattered  ones  besides. 
Every  one  of  them  was  certainly  below  the  surface  of  the  lu- 
minous disk.  The  surface  of  the  sun  was  unequal ;  many 
parts  of  it  being  elevated  and  others  depressed.  This  is  here 
to  be  understood  of  the  shining  surface  only,  as  the  real  body 
of  4he  sun  can  probably  be  seldom  seen^  otherwise  than  in  its 
black  spots. 

Sept.  9.  1792, 1  found  one  of  the  dark  spots  in  the  sun 
drav(m  pretty  near  the  preceding  edge.  In  its  neighbourhood 
I  saw  a  great  number  of  elevated  bright  places,  making  va- 
rious figures :  I  shall  call  them  faculse,  with  Hevelius.  I  saw 
these  faculae  extended,  on  the  preceding  side,  over  about  one 
sixth  part  of  the  sun;  but  so  far  from  resembling. torches,, 
they  appeared  like  the  shrivelled  elevations  on  a  dried  apple, 
extended  in  length,  and  most  of  them  joined  together,  making 
waves  or  waving  lines.  By  some  good  views  in  the  afternoon, 
I  found  that  the  rest  of  the  surface  of  the  sun  does  not  contain 
any  faculae,  except  a  few  on  the  following  and  equatorial  part 
of  the  sun.  Towards  the  north  and  south  I  saw  no  faculae  : 
there  was  all  over  the  sun  a  great  unevenness  in  the  surface, 
which  had  the  appearance  of  a  mixture  of  small  points  of  an 
unequal  light ;  .  but  they  are  evidently  an  unevenness  or 
roughness  of  high  and  low  parts. 

Sept.  11.  1792,  the  faculae  in  the  preceding  part  of  the  sim 
were  much  gone  out  of  the  disk,  and  those  in  the  following 
come  on.  A  dark  spot  also  was  come  on  with  them.  •  Sept. 
13.  1792,  there  were  a  great  number  of  faculae  on  the  equa- 
torial part  of  the  sun,  towards  the  preceding  and  following 
parts.  There  were  none  towards  the  poles ;  but  a  roughness 
was  visible  every  where.  Sept.  16.  1792,  the  sun  contained 
many  large  faculae,  on  the  following  side  of  its  equator,  and 
also  several  on  the  preceding  side;  but  none  about  the 
poles.  They  seemed  generally  to  accompany  the  spots,  and 
probably,  as  the  faculae  certainly  were  elevations,  a  great 
number  of  them  may  occasion  neighbouring  depressions,  that, 
is,  dark  spots.  The .  ^culae  being  elevations,  very  satisfac- 
torily explains  the  reason  why  they  disappear  towards  the 
middle  of  the  sun,  and  re-appear  on  the  other  margin ;  for, 

^   ^    ^     -  ^  Dgtzed  by  Google 


£S8  AERSCH£L   ON  SPOTS  ON  THE  SXJJf. 

about  the  place  where  we  lose  them,  they  begin  to  be  edge- 
ways to  our  view ;  and  if  between  the  faculse  should  lie 
dark  spots,  they  wiU  most  frequently  break  out  in  the  niiddle 
of  the  sun,  because  they  are  no  longer  covered  by  the  side 
views  of  these  faculae. 

Oct.  12.  1794,  the  whole  surface  of  the  sun  was  diversified 
by  inequality  in  the  elevation  of  the  shining  atmosphere. 
Ine  lowest  parts  were  every  where  darkest ;  and  every  little 
pit  had  the  appearance  of  a  more  or  less  dark  spot.  A  dark 
spot,  on  the  preceding  side,  was  surrounded  by  very  great 
inequalities  in  the  elevation  of  the  lucid  atmosphere  ;  and  its 
depression  below  the  same  was  bounded  by  an  immediate 
rismg  of  very  bright  light  Oct.  13. 1794,  the  spot  in  the  sun 
observed  yesterday  was  drawn  so  near  the  margin,  that  the 
elevated  side  of  the  following  part  of  it  hid  sdl  the  black 
ground,  and  still  left  the  cavity  visible,  so  that  the  depression 
of  the  black  spots,  and  the  elevation  of  the  &:uUey  were 
equally  evident. 

Nov.  26.  1794,  eight  spots  in  the  sun,  and  several  subdivi- 
sions of  them,  were  all  equally  depressed.  The  sun  was  every 
where  mottled.  The  mottled  appearance  of  the  sun  was 
owing  to  an  inequality  in  the  level  of  the  surface.  The  sun 
was  equally  mottled  at  its  poles  and  at  its  equator;  but  the 
mottled  appearances  mav  be  seen  better  about  the  middle  of 
the  disk  than  towards  the  circumference,  on  account  of  the 
Sim's  spherical  ibrm.  The  unevenness  arising  from  the  ele- 
vation and  depression  of  the  mottled  appearance  on  the  sor- 
&ce  of  the  sun  seemed,  in  many  places,  to  amount  to  as 
much,  or  to  nearly  as  much,  as  the  depression  of  the  penum- 
brae  of  the  spots  below  the  tipper  part  of  the  shining  sub- 
stance, without  including  faculse,  which  were  protuberant 
.  The  lucid  substance  of  me  sun  was  neither  a  liquid  nor  an 
elastic  fluid,  as  was  evident  from  its  not  instantly  filling  up 
&e  cavities  of  the  spots,  and  of  the  unevenness  of  the  mottled 
parts.  It  exists^  therefore,^  in  the  manner  of  lucid  clouds 
swimmins  in  the  transparent  atmosphere  of  the  sun,  or  ra- 
ther, of  luminous  decompositions  taking  place  within  that 
atnjpsphere. 

That  the  sun  has  a  very  extensive  atmosphere  cannot  be 
doubted ;  and  that  this  atmosphere  consisis  of  various  elastic 
fluids,  that  are  more  or  less  lucid  and  transparent,  and  of 
which  the  lucid  one  is  that  wl^jch  furnishes  ua  with  luht, 
seems  also'to  be  fully  eGftablished  by  all  the  phenomena  of  its 
spots,  of  the  faculas,  and  of  the  lucid  surface  itself.  There  is 
no  kind  of  variety  in  iheae  appearances  that  may  not  be  ac- 
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counted  for  with  the  greatest  facility,  from  the  continual 
agitation  which  we  may  easily  conceive  must  take  place  in  the 
regions  of  such  extensive  elastic  fluids.  It  will  he  necessary, 
however,  to  be  a  little  more  particular;  as  to  the  manner  m 
which  I  suppose  the  lucid  fluid  of  the  sun  to  be  generated 
in  its  atmosphere.  An  analogy  that  may  be  drawn  irom  the 
generation  of  clouds  in  our  own  atmosphere,  seems  to  be 
a  very  proper  one,  and  full  of  instruction. 

According  to  the  above  theory,  a  dark  spot  in  the  sun  is  a 
place  in  its  atmosphere  which  happens  to  be  free  from  luminous 
decompositions ;  and  that  &cul8e  are,  on  the  contrary,  more 
copious  mixtures  of  such  fluids  as  decompose  each  oth^r. 
The  penumbra  whidi  attends  the  spots,  heu^  generally  de- 
pressed, more  or  less,  to  about  half  way  between  the  solid  body 
of  the  sun  and  the  upper  part  of  those  regions  in  which  lu- 
minous decompositions  take  place,  must,  of  course,  be  Winter 
than  other  parts.  No  spot  &vourable  for  taking  measures 
having  lately  been  on  the  sun,  I  can  only  judge,  fl*om  former 
appearances,  that  the  regions  m  which  the  luminous  solar 
<;loud5  are  fonned,  adding  also  th^  elevation  of  the  faculae, 
cannot  be  less  than  1843,  nor  much  mare  than  2765  miles  in 
depUi« 

*  The  sun^  viewed  in  this  light,  appears  to  be  nothing  else 
than  a  very  eminent,  large,  and  lucid  planet,  evidentiy  the 
first,  or,  in  strictness  of  speaking,  the  only  primary  one  of  our 
ajstem,  all  others  being  truly  secondary  to  it.  Its  similarity 
to  the  other  globes  of  the  solar  system,  with  regard  to  its 
aolidity,  its  atmosphere,  and  its  diversified  surface,  and  the 
rotation  on  its  axis,  leads  us  on  to  suppose,  that  it  is,  most  pro- 
bably, also  inhabited,  like  the  rest  of  the  planets,  by  bemgs 
whose  organs  are  adapted  to  the  peculiar  circumstances  of 
that  vast  globe. 

This  way  of  considering  the  sun  is  of  the  utmost  import- 
ance in  its  consequences.  That  stars  are  suns  can  hardly 
admit  of  a  doubt.  Their  immense  distance  would  perfectiy 
exdude  them  from  our  view,  if  the  light  they  send  us  were 
not  of  the  solar  kind.  Besides,  the  analogy  may  be  traced 
much  further.  The  sun  turns  on  its  axis.  So  does  the  star 
AlgoL  So  do  the  stars  called  Lyrae,  Ce[^ei,  Antinoi,  Ceti, 
ana  many  more  ^most  probaUy  wL  From  what  other  cause 
can  we  so  pr<^ak4y  account  for  their  periodical  changes  ? 
Again,  our  tun  has  spots  on  its  surftee.  So  has  the  star 
Algol ;  and  so  hare  the  stars  aheady  named ;  and  probably 
jevery  star  in  the  heavens.  On  our  sun  these  spots  are 
changeable.    So  .they  are  on  the  star  Ceti;  as  evidently 
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appears  from  the  irregularity  of  its  changeable  lustre,  whaA 
'Is  often  broken  in  upon  by  accidental  changes,  while  the 
•  general  period  continues  unaltered.  The  same  little  devia- 
tions have  been  observed  in  other  periodical  stars,  and  ought 
'  to  be  ascribed  to  the  same  cause.  But  if  stars  are  suns,  and 
siins  are  inhabitable,  we  see  at  once  what  an  extensive  field 
*for  animation  opens  itself  to  our  view. 

In  this  place,  I  may,  however,  take  notice  that,  from  other 
'considerations,  the  idea  of  suns  or  stars  being  .merely  the 
supporters  of  systems  of  planets,  is  not  absolutely  to  be 
admitted  as  a  general  one.  Among  the  great  number  of  very 
•compressed  clusters  of  stars,  given  in  my  catalogues^  there 
are  some  which  open  a  different  view  of  tlie  heavens  to  us. 
llie  stars  in  them  are  so  very  close  together,  that  notwith- 
standing the  great  distance  at  which  we  may  suppose  the 
cluster  itself  to  be,  it  will  hardly  be  possible  to  assign  any 
sufficient  mutual  distance  to  the  stars  composing  the  cluster, 
to  leavt3  room  for  crowding  in  those  planets,  for  whose 
support  these  stars  have  been,  or  might  be,  supposed,  to 
exist.  It  should  seem,  therefore,  highly  probable,  that  they 
exist  for  themselves ;  and  are,  in  fact,  only  very  capital,  lucic^ 
primary  planets,  connected  together  i^  o^e  great  system  of 
mutual  support. 

As  in  this  argument  I  do  not  proceed  on  conjectures,  but 
have  actual  observations  in  view,  I  shall  mention  an  instance 
in  some  of  the  clusters,  of  my  catalogue  of  nebulae.  The 
stars  in  them  are  so  crowded,  that  I  cannot  conjecture  them 
to  be  at  a  greater  apparent  distance  from  each  other  tlian  five 
seconds  ;  even  after  a  proper  allowance  for  such  stars,  as  on  a 
supposition  of  a  globular  form  of  the  cluster,  will  interfere 
with  each  other,  has  been  made.  Now  if  we  would  leave  as 
much  room  between  each  of  these  stars  as  there  is  between  ' 
the  sun  and  Sirius,  we  must  place  these  clusters  42,104*  times 
as  far  from  us  as  that  star  is  from  the  sun.  In  some  parts 
of  the  milky  way,  where  yet  the  stars  are  not  very  small,  they 
are  so  crowded,  that  in  the  year  1792,  August  22^  I  found 
that  in  4fl  minutes  of  time,  no  less  than  258,000  of 
them  had  passed  through  the  field  of  view  of-  my  t^scope^ 
It  seems,  therefore,  on  the  whole,  not  improbable,  that,  in 
many  cases,  stars  are  united  in  such  dose  systems  as  not  to 
leave  much  room  for  the^  orbits  of  planets,  or  comets ;  and 
that,  consequently,  on  this  account  also,  many  stars,  luiless 
we  would  make  ^em  mere  useless  brilliant  points,  may 
themselves  be  lucid  planets,  perhaps  unattended  by  satellites. 
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An  Account  of  the  late  Eruption  of  Mount  Vesuvius.    B\^ 

Sir  W.  HAMiLTOiTy  K.B.  F.R.8.  Dated  Naples,  August 
\,    25.  1794.— [1795.] 

On  Sunday  the  15th  of  June,  soon  after  10  at  night,  a 
shock  of  an  earthquake  was  felt  at  Naples;  at  the  same 
jnoment  a  fountain  of  bright  fire,  attended  with  a  very  black 
«inoke  and  a  loud  report,  was  seen  to  issue,  and  rise  to  a 
great  height,  from  about  the  middle  of  the  cone  of  Vesuvius  ; 
soon  afler  another  of  the  same  kind  broke  out  at  some  little 
distance  lower  down ;  then  it  had  the  appearance  as  if  the 
lava  had  taken  its  course  directly  up  the  steep  cone  of  the 
volcano.  Fresh  fountains  succeeded  each  other  hastily,  and 
all  in  a  direct  line,  tending,  for  about  a  mile  and  a  half  down, 
towards  the  towns  of  Resina  and  Torre  del  Greco.  I  could 
count  15  of  them,  but  I  believe  there  were  otliers  obscured 
by  the  smc^e.  It  seems  probable,  that  all  these  fountains  of 
fire,  from  their  being  in  such  an  exact  line,  proceeded  from 
one  and  the  same  long  fissure  down  the  flanks  of  the  moun« 
tain,  and  that  the  lava  and  other  volcanic  matter  forced  its 
way  out  of  the  widest  parts  of  the  crack,  and  formed  there 
the  little  mount^s  and  craters  hereafter  described. 

It  is  impossible  that  any  description  can  give  an  idea  of 
this  fiery  scene,  or  of  the  horrid  noises  that  attended  this 
greiat  operation  of  nature.  It  was  a  mixture  of  the  loudest 
thunder,  with  incessant  reports,  like  those  from  a  numerous 
heavy  artillery,  accompanied  by  a  continued  hollow  murmur, 
like  that  of  the  roaring  of  the  ocean  during  a  violent  storm ; 
and  added  to  these  was  another  blowing  noise,  like  that  oi 
the  going  up  of  a  large  flight  of  skjr-rockets,  and  which 
brought  to  my  mind  also  that  noise  which  is  produced  by  the 
action  of  the  enormous  bellows  on  the  furnace  of  the  Carron 
iron  foundery  in  Scotland,  and  which  it  perfectly  resembled. 
The  frequent  falling  of  the  huge  stones  and  scoriae,  which 
were  thrown  up  to  an  incredible  height  from  some  of  the  new 
mouths,  and  one  of  which,  having  been  since  measured,  was 
10  feet  high,  and  35  in  cu-cumference,  contributed,  undoubt- 
edly, to  the  concussion  of  the  earth  and  air,  which  kept  all 
the  houses  at  Naples  for  several  hours  in  a  constant  tremor, 
every  door  and  window  shaking  and  rattling  incessantly,  and 
the  bells  ringing. 

All  this  time  there  was  not  the  smallest  appearance  of  fire 
or  smoke  from  the  crater  on  the  summit  of  Vesuvius ;  but  the 
black  smoke  and  ashes  issuing  continually  from  so  many  netv 
mouths,  or  craters,  formed  an  enormous  and  dense  body  c^ 
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doads  over  the  whole  mountain,  and  which  began  to  gf9B 
signs  of  being  replete  with  the  electric  fhnd,  by  exhibiting 
flashes  of  tibat  sort  of  zig-zag  lishtning,  which  in  the  yolcanic 
language  of  this  country  is  o&ed  ferilli,  and  which  is  tiie 
constant  attendant  on  the  most  violent  enqitions.    During 
80  years  that  I  have  resided  at  Naples,  and  in  which  time  1 
have  been  witness  to  many  enqptions  of  Vesuvius,  of  differ^it 
jODtiB,  I  never  saw  the  gigantic  doud  above  mentioned  r^lete 
with  ihe  dectric  fire,  except  in  the  two  great  erupticMia  ot 
1767,  that  of  1779,  and  during  this  more  formidable  one.    The 
dectric  fire,  in  the  year  177^  that  played  constantly  withm 
the  enormous  black  doud  over  the  crater  of  Vesuvius,  and 
sddom  quitted  it,  was  exactly  similar  to  that  which  is  pro- 
duced, on  a  very  small  scde,  by  the  conductor  of  an  dectri- 
od  machine  communicating  with  an  insulated  plate  of  glass, 
thtdy  spread  over  with  metallic  filing  drc  when  the  dectric 
matter  continues  to  play  over  it  m  zig-zag  lines  without* 
^tting  it    I  was  not  sensible  of  any  noise  attending  that 
operation  in  1779 ;  whereas  the  discharge  of  the  dectriad 
matter  fi-om  the  volcanic  douds  during  this  eruption,  and 
particularly  on  the  second  and  third  days,  caused  explosions 
like  those  of  the  loudest  thunder;  and  indeed  the  storms 
raided  evidentiy  by  the  sole  power  of  the  volcano  resemUed, 
in  every  respect,  all  other  thunder-storms ;  the  lightning 
fidling  and  destroying  every  thing  in  its  course. 

The  day  on  which  Naples  was  m  the  greatest  danger  from 
tiie  volcanic  douds,  two  small  bdls  of  fire,  joined  together 
by  a  Mnall  link  like  a  cham-shot,  fell  close  to  my  casino,  at 
niusilippo :  they  separated ;  and  one  fell  in  the  vinejard  above 
the  house,  and  the  other  in  the  sea,  so  close  to  it  that  I 
heard  a  splash  in  tiie  water.  The  Ahb6  Tata,  in  his  prmted 
account  of  tiiis  eruption,  mentions  an  enormous  bdl  of  this 
kind  which  flew  out  of  tiie  crater  of  Vesuvius  while  he  was 
sUmding  on  tiie  edge  of  it,  and  which  burst  m  the  air  at  some 
distance  from  the  mountdn,  soon  after  which  he  heard  a 
noise  like  the'  fall  of  a  number  of  stones,  or  of  a  heavy  shower 
of  hail. 

About  five  o*dock  m  the  morning  of  the  16tii  we  codd 
plamly  perceive  that  the  lava,  which  had  first  broke  out  from 
the  severd  new  mouths  on  the  south  side  of  the  mountain, 
had  reached  the  sea,  and  was  running  into  it,  having  over* 
whelmed,  bin*nt,  and  destroyed  tiie  greatest  part  of  Tont  del 
Greco,  the  principd  stream  of  lava  having  taked  its  coime 
^ough  the  very  centre  of  the  town.  We  d>served,  from 
«aplcs,  that  when  the  lava  was  in  the  vineyards  in  its  wiqr  to 
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liie  town,  there  issued  often,  and  in  ^U£ferent  parts  of  it,  a 
bright  pale  flame,  and  yery  different  from  the  deep  red  of  the 
lava ;  ttiis  was  occasioned  by  the  burning  of  the  trees  that  sup- 
ported the  vines.  Soon  after  the  beginning  of  this  eruption, 
adies  fell  thick  at  the  foot  of  the  mountain,  all  the  way  from 
Portici  to  the  Torre  del  Greco ;  and  though  there  were  not 
at  that  time  any  clouds  in  the  air,  except  those  of  smoke 
from  the  mountain,  the  ashes  were  wet,  and  accompanied  with 
large  drops  of  water,  which,  I  was  well  assured,  were  to  the 
taste  very  salt :  the  road,  which  is  paved,  was  as  wet  as  tf 
there  had  been  a  heavy  i^ower  of  rain.  Those  ashes  were 
Idadk  and  coarse,  like^e  sand  of  the  sea-shore,  whereas  those 
that  fm  there,  and  at  Naples  some  days  afler,  were  of  a  light 
grey  colour,  and  as  fine  as  Spanish  snufF,  or  powdered  bark. 

The  breadth  of  the  lava  that  ran  into  the  sea,  and  has 
formed  a  new  promontory  there,  after  having  destroyed  the 
greatest  part  of  the  town  of  Torre  del  Greco,  is  1204  English 
feet.  Its  height  above  the  sea  is  12  feet,  and  as  many  feet 
under  water ;  so  that  its  whole  height  is  24  feet:  it  extends 
into  the  sea  626  ieet.  I  observed  that  the  sea-water  was 
boilbg  as  in  a  cauldron,  where  it  washed  the  foot  of  this 
new-Srmed  promontory;  and  though  I  was  at  least  100 
yards  from  it,  observing  tliat  the  sea  smoked  near  my  boat,  I 
put  my  hand  into  the  water,  which  was  literally  scalded ;  aiid 
by  this  time  my  boatmen  observed  that  the  pitch  from  the 
bod»m  of  the  boat  was  melting  fast,  and  floating  on  the 
surface  of  the  sea,  and  that  the  boat  began  to  leak ;  we  there- 
t^te  retired  hastily  from  this  spot,  and  landed  at  some  distance 
ttom  the  hot  lava.  The  town  of  Torre  del  Greco  contsuned 
vbovLt  18,000  inhabitants,  all  of  which  (except  about  15,  who 
from  either  age  or  infirmity  could  not  be  moved,  and  were 
overwhelmed  by  the  lava  in  their  houses,)  escaped ;  but  the 
rapid  progress  of  the  lava  was  such,  that  it  ran  like  a  torrent 
over  &e  town  of  Torre  del  Greco,  allowing  the  unfortunate 
Inhabitants  hardly  lime  to  save  their  lives:  their  goods  and 
effects  were  totally  abandoned;  and  indeed  several  of  the  in- 
iijibitants,  whose  houses  had  been  surrounded  with  lava  while 
they  remained  in  them,  escaped  from  them  and  saved  their 
lives  the  following  day,  by  coming  out  of  the  tops  of  their 
liouses,  and  walkii^  over  the  scoriae  on  the  surface  of  the  red* 
hot  lava. 

The  lava  over  the  cathedral,  and  in  other  parts  of  the  town, 
is  upwards  of  40  feet  in  thickness :  the  general  height  of  the 
l^va,  during  its  whole  course,  is  about  12  feet,  and  in  some 
parts  not  less  than  a  mile  in  breadth.    I  walked  in  the  few 
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remeiiiiiig  streets  of  the  town,  and  went  on  the  top  ctf  one  ci 
the  highest  houses  that  was  still  standmg,  though  surrounded 
hj  the  lava:  I  saw  from  thence  distinctly  the  whole  course  of 
the  lava,  that  covered  the  best  part  of  the  town. 

On  Wednesday  the  18th,  the  wind  having  for  a  very  short 
time  cleared  away  the  thick  doud  from  the  top  of  Vesuvius 
we  discovered  that  a  great  part  of  its  crater,  porticularlj  on 
the  west  side  opposite  Naples,  had  &llen  in,  which  it  prolMiUy 
did  about  four  o'clodc  in  the  morning  of  this  day,  as  a  violent 
shock  of  an  earthquake  was  felt  at  that  moment  at  Resina,  and 
other  parts  situated  at  the  foot  of  the  volcano*     The  clouds 
of  smoke  were  mixed  with  the  fine  ashes,  which  were  of  such 
a  density  as  to  appear  to  have  the  greatest  difficulty  in  fordng 
their  passage  out  of  the  now  widely-extended  mouth  of  Ve- 
suvius, which  certainly,  since  the  top  fell  in,  cannot  be  much 
short  of  two  miles  in  circumference.    One  doud  heaped,  oo 
another,  and  succeeding  each  other  incessantly,  formed  in  a 
few  hours  such  a  gigantic  and  elevated  column  of  the  darkest 
hue  over  the  mountain,  as  seemed  to  threaten  Naples  with 
immediate  destruction,  having  at  one  time  been  bent  over  the 
city,  and  appearing  to  be  much  too  massive  and  ponderous  to 
remain  long  suspended  in  the  air;  it  was,  besides,  replete 
with  the  ferilli,  or  volcanic  lightning,  which  was  stronger  than 
common  lightning.    The  enormous  mass  of  douds  certainly 
rose  many  miles  above  the  mountain,  which  appeared  like  a 
mole-hill ;  though  the  perpendicular  height  of  Vesuvius  from 
the  level  of  the  sea  is  more  than  3600  feet. 

To  avoid  prolixity  and  repetition,  I  need  only  say,  that  the 
storms  of  thunder  and  lightning,  attended  at  times  with  heavy 
falls  of  rain  and  ashes,  causing  the  most  destructive  torrents 
of  water  and  glutinous  mud,  mixed  with  huge  stones,,  ai^ 
trees  torn  up  by  the  roots,  continued  mor^  or  less  to  afflict 
the  inhabitants  on  both  sides  of  the  volcano  tiU  the  7th  of 
July,  when  the  last  torrent  destroyed  many  hundred  acres  of 
cultivated  land,  between  the  towns  of  Torre  del  Greco  and 
Torre  dell*  Annunzlata.  Some  of  these  torrents,  both  on  the 
sea-side  and  the  Somma  side  of  the  mountain,  came  down 
with  a  horrid  rushmg  noise ;  and  some  of  them,  after  having 
forced  their  way  through  the  narrow  gidlies  of  the  /nAun- 
tain,  rose  to  the  height  of  more  than  20  feet,  and  were  nearly 
half  a  mile  in  extent. 

I  went  on  Mount  Vesuvius  as  soon  as  I  thought  I  might  do 
it  with  any  degree  of  prudence,  which  was  not  tiU  the  Soih  of 
June,  and  then  it  was  attended  with  some  risk.  It  was  not 
possible  to  get  up  to  the  great  crater  of  Vesuvius,  nor  had  ^y 
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one  yet  attempted  it.  Tlie  horrid  chasms  that  exist  from  the 
spot  where  the  late  eruption  first  took  place,  in  a  straight  line 
for  near  two  miles  towards  the  sea,  cannot  be  imagined.  They 
formed  vallies  more  than  200  feet  deep,  arid  from  half  a  mile  to 
a  mile  wide ;  and  where  the  fountains  of  fiery  matter  existed 
during  the  eruption  are  little  mountains  with  deep  craters. 
Ten  thousand  men,  in  as  many  years,  could  not  make  such 
an  alteration  on  the  face  of  Vesuvius,  as  has  beea  made  by 
nature  in  tlie  short  space  of  ^ve  hours. 

On  the  19th,  the  ashes  fell  so  thick  at  Somma,  that  unless 
a  person  kept  in  motion,  he  was  soon  fixed  to  the  ground  by 
them.  This  fall  of  ash^s  was  accompanied  also  with  loud 
reports,  and  frequent  flashes  of  the  volcanic  lightning,  so  that, 
surrounded  by  so  many  horrors,  it  was  impossible  for  the 
inhabitants  to  remain  m  the  town,  and  they  all  fled:  the 
darkness  was  such,  though  it  was  mid-day,  that  even  with  the 
help  of  torches  it  was  scarcely  possible  to  keep  in  the  high 
road.  I  found  that  the  majority  of  people  were  convinced 
that  the  torrents  of  mud  and  water,  that  had  done  them  so 
much  mischief,  came  out  of  the  crater  of  Vesuvius,  and  that 
it  was  sea-water. 

The*  darkness  occasioned  by  the  fall  of  the  ashes  in  the 
Campagna  FeliQe  extended  itself,  and  varied  according  to  the 
prevailing  winds.  On  the  19th  of  June  it  was  so  dark  at 
Caserta,  which  is  15  miles  from  Naples,  as  to  oblige  the  in- 
habitants to  light  candles  at  mid-day ;  and  one  day  during  the 
eruption  the  darkness  spread  over  fieneventum,  which  is  30 
miles  from  Vesuvius.  The  Archbishop  of  Taranto,  in  a  letter 
to  Naples,  dated  from  Taranto  the  18th  of  June,  said,  «  We 
are  involved  in  a  thick  cloud  of  minute  volcanic  ashes,  and 
we  imagine  that  there  must  be  a  great  eruption  either  of 
IVIount  Etna  or  of  Stromboli."  The  Bishop  did  not  dream  of 
their  having  proceeded  from  Vesuvius,  which  is  aJ>out  250 
miles  from  Taranto.  We  have  had  accounts  also  of  the  fall 
of  the  ashes  during  the  late  eruption  at  the  very  extremity  of 
the  province  of  Lecce,  which  is  still  farther  off;  and  we  have 
been  also  assured  that  those  clouds  were  replete  with  elec- 
trical matter. 

Upon  the  whole,  liaving  read  every  accoimt  of  the  former 

eruptions  of  Mount  Vesuvius,  I  am  well  convinced  that  this 

eruption  was  by  far  the  most  violent  that  has  been  recorded 

after  the  two  great  eruptions  of  79  and  1631,  which  were 

".  undoubtedly  still  more  violent  and  destructive.  ( 

The  very  numerous  population  at  the  foot  of  Vesuvius  is 
remarkable.    From  Naples  to  Castel-a-mare,  about  15  miles, 
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the  coast  ig  so  spread  with  houses  as  to  be  nearly  one  continued 
street)  and  on  the  Somma  side  of  the  volcano,  the  towns  and 
Tillages  are  scarcely  a  mile  from  each  other ;  so  that  for  SO 
miles,  which  is  the  extent  of  the  basis  of  Mounts  Vesuvius 
and  Somma,  the  population  ma^  be  perha|»  more  numerous 
than  that  q£  any  other  spot  of  a  like  extent  m  Europe,  in  spite 
of  the  variety  of  dangers  attending  such  a  situation. 


On  Hydatids.    By  Efxjued  Home,  Etg.— 11795.2 
The  animals  called  hydatids  appear  from  their  simpliciQr 
to  be  the  furthest  rempved  from  the  human ;  for  as  the  human 
IS  the  most  complicated,  and  most  perfect  in  the  creati<», 
the  hydatid  is  one  of  the  most  simple,  and  composed  of  the 
fewest  parts.    It  is  to  appearance  a  membrammg  bmg,  the 
coats  of  which  are  so  thm  as  to  be  semi-transparent,  and  to 
have  no  visible  muscular  structure.   FW>m  the  effects  produced 
by  the  different  parts  of  this  bag  while  the  animal  is  alive^ 
being  exactly  similar  to  the  contractions  and  relaxations  of 
the  muscular  fibres  in  the  human  body,  we  must  conchi^ 
that  this  membrane  is  possessed  of  a  shnilar  power,  anc^ 
consequently,  has  the  same  right  to  be  called  muscular.     The 
h]rdatid,  from  its  apparent  want  of  muscles,  and  other  parts 
which  ^nerally  constitute  an  animal,  was  for  a  long  while 
denied  its  place  in  the  animal  world,  and  considered  as  the 
production  of  disease ;  we  are  however  at  present  in  possession 
of  a  sufficient  number  of  facts,  to  ascertam,  not  only  that  it  is 
an  animal,  but  that  it  belongs  to  a  genus  of  which  there  are 
several  different  species. 

Hydatids  are  found  to  exist  m  the  bodies  of  many  quad- 
rupeds, and  often  in  the  human :  the  particular  parts  most 
favourable  to  their  support  appear  to  be  the  liver,  kidneys, 
and  brain,  though  they  are  sometimes  detected  in  other 
situations.  One  species  is  globular  in  its  form,  the  outer 
surface  of  the  bag  smooth,  uniform,  and  without  any  external 
opening :  they  are  seldom  found  single,  and  are  contained  in 
a  cy^t,  or  thick  membranous  covering,  in  which  they  appear 
to  lie  qmte  loose,  having  no  visible  attachment  to  any  part 
of  it.  This  species  is  most  freouently  fi>und  in  the  liver  and 
kidneys,  both  of  the  quadrupea  and  human  subject.  They 
vary  in  size ;  but  those  most  commonly  met  with  are  from  oae 
quarter  of  an  inch  to  three  quarters  of  an  inch  in  diameter. 

Another  species  is  of  an  oval  form,  with  a  long  proceto,  or 
neck,  continued  from  the  smallest  end  of  the  oval,  at  the 
termination  of  which,  by  the  assistance  of  magnifying  glasses. 
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u  to  be  seen  a  kind  of  mouth  ;  but  whether  this  is  intended 
merely  for  the  purpose  of  attachment,  or  to  receive  nourish* 
ment,  is  not  easily  determined.  This  species  is  found  very 
commonly  in  the  brain  of  sheep>  and  brings  on  a  disease 
called  by  farmers  the  staggers.  It  is  not  peculiar  to  any  one 
part  of  the  brain,  but  is  found  in  very  different  situations) 
sometimes  in  the  anterior,  at  others  in  the  posterior  lobe. 
It  is  inclosed  in  a  membranous  cyst  like  the  globular  kind ; 
but  differs  from  that  species  in  one  only  being  contained  in 
the  same  cyst ;  and  the  bag,  or  body  of  the  animal,  being  less 
turgid,  appearing  to  be  about  half  filled  with  a  fluid,  in  which 
is  a  small  quantity  of  white  sediment ;  while  the  globular  ones 
are  in  general  quite  full  and  turgid.  This  speciies,  from  its 
containing  only  a  small  quantity  of  fluid,  has  a  more  eg^tensive 
power  of  action  on  the  bag^  and  is  therefore  best  fitted  for  . 
illustrating  the  muscular  power  of  these  animals. 

If  the  hydatid  be  carefully  removed  from  the  brain,  imme- 
diately after  the  sheep  is  killed,  and  put  into  warm  wate^,  it 
vnll  soon  begin  to  act  with  the  different  parts  of  the  body, 
eadubiting  alternate  contractions  and  relaxations.  These  it 
performs  to  a  considerable  extent,  producing  a  brisk  undulation 
of  the  fluid  contained  in  it :  the  action  is  often  continued  ibir 
f^ve  half  an  hour,  before  the  animal  dies ;  and  is  exactly 
mnilar  to  the  action  of  muscles  in  the  more  perfect  animals. 
This  species  of  hydatid  is  very  well  known  by  the  name  taenia 
faydatigena:  it  varies  considerably  in  its  size^  One  of  those 
which  I  examined  alive  was  above  five  inches  long,  and  nearly 
three  inches  broad  at  the  broadest  part,  which  makes  it  nine 
inches  in  the  circumference.  The  coats  of  the  hydatid,  iu  tiieir 
recent  state,  exhibit  no  appearance  of  fibres,  even  when 
viewed  in  the  microscope ;  but  when  dried,  and  examined  by 
glasses  of  a  high  magnifying  power,  they  resemble  paper  made 
on  a  whre  firatne.  This  very  minute  structure  is  not  met  with 
In  membranes  in  general ;  it  may  therefore  be  considered  aa ' 
the  organisation  on  which  their  extensive  motions  depend. 
Tlie  coats  of  the  different  species  of  hydatid!}  had  all  of  them 
the  same  appearance  in  the  microscope. 

llie  intestines,  in  some  of  the  more  delicately-constructed 
anunals,  have  a  membranous  appearance,  simDar  to  the  bag 
of  the  hydatid ;  and  we  cannot  doubt  of  their  possessmg  a 
muscular  power,  since  there  is  no  other  mode  of^  accounting 
for  the  food  being  carried  along  the  canal.  The  action  of  th^ 
intestines,  not  coming  so  immediately  under  our  observation, 
makes  them  a  less  obvious  illustration  of  this  principle  than 
the  hydatid ;  we  may  however  consider  their  having  a  similar 
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Structure  as  a  strong  confirmatioh  of  it.  If  we  compare  the 
structure  of  muscles  In  the  human  body,  with  that  of  the 
membranous  bag,  a  structure  evidently  endowed  with  a  simOar 
principle  of  action,  the  theories  of  muscular  motion,  which 
are  founded  on  the  anatomical  structure  of  a  complex  musde, 
must  be  overturned.  The  simplicity  of  form,  in  the  muscidar 
structure  of  diis  species  of  hydatid,  makes  it  evident  that  the 
complex  organisation  of  other  muscles  is  not  essential  to  their 
contraction  and  relaxation,  but  superadded  for  other  purposes; 
which  naturally  leads  us  to  suppose  that  this  power  of  action, 
in  living  animal  matter,  is  more  simple,  and  more  extensively 
diffused  through  the  different  parts  of  the  body,  than  has  been 
in  general  imagined. 


On  the  Natureofihe  Diamond.  By  Smitsson  Tenkjut,  JSsq. 

As  the  nature  of  the  diamond  is  so  extremely  singular,  it 
seemed  deserving  of  examination ;  and  it  will^  appear  ^om 
the  following  experiments,  that  it  consists  endrely  of  char- 
coal, differing  from  the  usual  state  of  that  substance  only 
bv  its  crystallised  form.  From  the  extreme  hardness  of  the 
diamond,  a  stronger  degree  of  heat  is  required  to  inflame  it, 
when  exposed  merely  to  air,  than  can  easily  be  applied  in 
close  vessels,  except  by  means  of  a  strong  burning  lens  ;  but 
with  nitre  its  combustion  may  be  effected  in  a  moderate  heat. 

To  expose  it  to  the  action  of  heated  nitre  free  from  extra- 
neous matters,  I  procured  a  tube  of  gold,  which  by  having 
one  end  closed  might  serve  the  purpose  of  a  retort,  a  glass 
tube  being  adapted  to  the  open  end  for  collecting  the  air  pro- 
duced. To  be  certain  that  the  gold  vessel  was  perfectly  closed, 
and  that  it  did  not  contain  any  unperceived  impurities  which 
.could  occasion  the  production  of  fixed  air,  some  nitre  was 
heated  in  it  till  it  had  become  alludine,  and  afterwards  dis- 
.Solved  out  by  water ;  but  the  solution  was  perfectly  free  from 
fixed  air,  as  it  did  not  effect  the  transparency  of  lime-water. 
When  the  diamond  was  destroyed  in  the  gold  vessel  by  nitre, 
the  substance  which  remained  precipitated  lime  from  lime- 
water,  and  with  acids  afforded  nitrous  and  fixed  air ;  and  it 
appeared  solely  to  consist  of  nitre  partly  decomposed,  and  of 
aerated  alkali. 

The  quantity  of  fixed  air  produced  by  the  diamond  does 
not  differ  much  from  that  which,  accordmg  to  M.  Lavoisier, 
might  be  obtained  from  an  equal  weight  of  charcoal.  In  the 
Me-noirs  of  the  French  Academy,  he  has  related  the  various 
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experiments  which  he  made'  to  ascertain  the  proportion  of 
charcoal  and  oxygen  in  fixed  air.  From  those  which  he  con* 
sidered  as  most  accurate,  he  concluded  that  100  parts  of 
fixed  air  contain  nearly- 28  parts  of  charcoal  and  72  of  oxygen. 
He  estimates  the  weight  of  a  cubic  inch  of  fixed  air  under 
the  pressure  and  in  the  temperature  above  mentioned,  to  be 
•695  parts  of  a  grain.  If  we  reduce  the  French  weights  and 
measures  to  English,  and  then  commute  how  much  fixed  air, 
according  to  this  proportion,  2^  ^ams  of  charcoal  would  pro- 
duce, we  shall  find  that  it  ought  to  occupy  very  nearly  the 
bulk  of  10  ounces  of  water. 


JSxperiments  to  determine  the  Force  of  fired  Gunpowder.    By 

Benj.  Count  RuMF0RD,F.R.S.    M.R.LA [1797.] 

Mr.  Robins,  who  made  a  great  number  of  very  curious  ex- 
periments on  gunpowder,  concluded,  as  the  resmt  of  all  his 
enquiries  and  computations,  that  the  force  of  the  elastic  fluid, 
generated  in  the  combustion  of  gunpowder,  is  1000  times 
greater  than  the  mean  pressure  of  the  atmosphere.  But 
Daniel  Bemouilli  determines  its  force  to  be  not  less  than 
10,000  times  that  pressure,  or  10  times  greater  than  Mr. 
Robins  made  it.  In  a  paper  printed  in  the  yea^  1781, 1  gave 
an  account  of  an  experiment,  by  which  it  appeared  that,  cal- 
culating even  on  Mr.  Robins's-  own  principles,  the  force  of 
gunpowder,  instead  of  being  1000  times,  must  at  least  be 
1308  times  greater  than  the  mean  pressure  of  the  atmo- 
sphere. 

In  order  to  make  this  experiment,  I  caused  a  new  barrel  to 
be  constructed  for  that  purpose :  its  length  was  3.4<5  inches, 
«id  the  diameter  of  its  bore  -^-q  of  an  inch :  its  ends  were 
closed  up  by  two  screws,  each  one  inch  in  length,  which 
were  firmly  and  immovably  fixed  in  their  places  by  solder. 
The  result  of  this  experiment  fully  answered  my  expectations. 
The  generated  elastic  fluid  was  so  completely  confined  that 
no  ijart  of  it  could  make  its  escape.  The  report  of  the  ex- 
plosion was  so  very  feeble  as  hardly  to  be  audible :  indeed,  it 
did  not  by  any  means  deserve  the  name  of  a  report,  and  cer- 
tainly could  not  have  been  heard  at  the  distance  of  20  paces : 
it  resembled  the  noise  occasioned  by  ttie  breaking  of  a  very 
small  glass  tube.  I  imagined  at  first  that  the  powder  had  not 
all  taken  fire,  but  the  heat  of  the  barrel  soon  convmced  me 
that  the  explosion  must  have  taken  place ;  and  after  waitii^ 
near  half  a  hour,  on  loosening  the  screw  which  closed  the 
end  of  the  long  vent  tubei  the  confined  elasdc  vapours  msh/ed 
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out  widi  considerable  force»  and  with  a  noise  like  tibat  attend- 
log  the  discharee  of  an  air-gun. 

Hsving  found  means  to  confine  the  elastic  vapour  generated 
in  the  combustion  of  gunpowder,  my  next  attempts  "were  io 
measure  its  force*  rThe  principal  objects  I  had  in  viewr  wen^ 
first,  to  determine  the  expansive  force  of  the  elastic  vapour 
generated  in  the  combustion  of  gunpowder  in  its  various  states 
of  condensation,  and  to  ascertain  the  ratio  of  its  elasticity  to  its 
density;  and,  secondly,  to  measure,  by  one  decisive  experiment^ 
the  utmost  force  of  this  fluid  in  its  most  dense  state ;  that  is 
to  say,  when  the  powder  completely  fills  the  space  in  which 
it  is  fired,  and  in  which  the  generated  fluid  is  confined.     The 
dimensions  of  the  barrel  used  in  these  experiments  were  as 
follow :   Diameter  of  the  bore  at  its  muzzle  =  0.25  of  an 
inch.    Joint  capacities  of  the  bore,  and  of  its  vent  tube,  exclu- 
nve  of  the  space  occupied  by  the  leathern  stopper,  =:  0.08974 
of  a  cubic  mch.    Quantity  of  powder  contuned  by  the  bar- 
rel and  its  vent  tube  when  both  were  quite  full,  exclusive  of 
the  space  occupied  by  the  leathern  stopper,  24^  grains  Troy. 

The  elastic  force  of  the  fluid  generated  in  the  combustion 
of  the  charge  of  powder  is  measured  bv  the  weight  by  which 
it  was  conmied,  or  rather  by  that  which  it  was  just  able  to 
move,  but  which  it  could  not  raise  sufficiently  to  blow  the 
leathern  stopper  quite  out  of  the  mouth  of  the  bore, of  the 
barrel.  This  weight  in  all  the  experiments,  except  those  which 
were  made  with  very  small  charges  of  powder,  was  a  piece 
of  ordnance,  of  greater  or  less  dimensions,  or  greater  or  less 
weight,  according  to  the  force  of  the  charge ;  placed  vertically 
on  its  cascabel,  on  the  steel  hemisphere  which  closed  the  end 
of  the  barrel ;  and  the  same  piece  of  ordnance,  by  having  its 
bore  filled  with  a  greater  or  smaller  number  of  bullets,  as  the 
occasion  required,  was  made  to  serve  for  several  experiments. 

It  appears  from  109  experiments,  that  in  the  afternoon  of  the 
1st  of  July,  1793,  the  weight  (which  was  a  heavy  brass  cannon, 
a  24  pounder,  weighing  8081  lbs.  avoirdupois,)  was  not  raised 
by  12  grains  of  powder,  but  that  13  grains  raised  it  with  an 
audible  though  weak  report :  tiiat  the  next  morning,  July  2.,  at 
,10  o'clock,  it  was  raised  twice  by  charges  of  12  grains :  that  in 
.the  morning  of  the  3d  of  July  it  was  not  raised  by  12  grains,  nor 
by  1 3  grains ;  but  that  14  grains  just  raised  it:  that  in  the  after- 
noon of  the  same  day,  two  experiments  were  made  with  14  grains 
of  powder,  in  neither  of  which  the  weight  was  naised ;  but  that 
in  another  experiment,  in  which  15  grains  of  powder  were  used, 
it  was  raised  with  a  moderate  report;  that  in  tlie  morning  of  the 
Bth  of  July,  in  two  experiments,  one  witih  i^^^rains,  and  the 

Digitized  by  VjOOQ  IC 


&UMFORD  ON  THE  FORCS   OF  OXXKPOWDER.  551 

Other  with  IS  grains  of  powder,  thte  weight  was  raised  with  a 
loud  report ;  and  in  an  experiment  with  12  grains,  it  was  raised 
with  a  feeble  report :  an^  lastly,  that  in  three  successive  ex* 
periments,  made  in  the  morning  of  the  17th  of  July,  the  weight 
was  raised  by  charges  of  12  grains.  Hence  it  appears  that 
under  circumstances  the  most  fovourable  to  the  developement 
of  the  force  of  gunpowder,  a  charges  12  grains,  filling  -^-^  of 
the  cavity  in  which  it  is  confined)  on  being  fired,  exerts  a 
force  agamst  the  sides  of  the  containing  vessel  equal  to  the 
pressure  of  9431  atmospheres;  which  pressure  amounts  to 
1 41,465  lbs.  avoirdupois  on  each  superficial  inch. 

I  finish  this  paper  by  a  computation,  showing  that  the  foroe 
of  the  elastic  fluid  generated  in  the  combustion  of  gimpowder^ 
enormous  as  it  is,  may  be  satisfactorily  accounted  £ot  on  the 
supposition  that  its  force  depends  solely  on  the  elasticity  of 
watery  vapour,  or  steam.  It  is  certain  that  the  heat  gene- 
rated in  the  combustion  of  gunpowder  cannot  possibly  be  less 
than  that  of  red-hot  iron.  It  is  probably  much  greater,  but 
we  will  suppose  it  to  be  only  equal  to  1000  degrees  of  Fahrai- 
heit's  scale,  or  something  less  than  iron  visibly  red-hot  in  day- 
light This  is  about  as  much  hotter  than  boiling  linseed  oil, 
as  boiling  linseed  oil  is  hotter  than  boiling  water.  As  the 
Mastic  force  of  steam  is  just  equal  to  the  mean  pressure  of 
the  atmosphere  when  its  temperature  is  equal  to  that  of  boil*- 
ing  water,  or  to  212**  of  Fahrenheit's  thermometer,  and  as  its 
daisticity  is  doubled  by  every  addition  of  temperature  equal 
to  30  degrees  of  the  same  scale,  with  the  heat  of  242^  its 
€dasticity  will  be  equal  to  the  pressure  of  two  atmospheres ; 
at  the  temperature  of  272**  it  will  equal  four  atmospheres ;  and 
at  two  degrees  above  the  heat  of  boiling  linseed  oil  its 
elasticity  will  be  equal  to  the  pressure  of  8192  atmospheres, 
or  above  eight  times  greater  than  the  utmost  force  of  the 
fluid  generated  in  the  combustion  of  gunpowder,  according 
to  Mr.  Robins's  computation.  But  the  heat  generated  in 
the  combustion  of  gunpowder  is  much  greater  than  that  of 
'602**  of  Fahrenheit's  diermometer,  coi^equently  the  elasticity 
of  the  steam  generated  firom  the  water  contained  in  the  powder 
must  of  necessity  be  much  greater  than  the  pressure  of 
8192  atmospheres.  Following  up  our  computations  on  the 
principles  assumed  (and  they  are  founded  on  the  most  incon- 
trovertible experiments),  we  shall  find  that,  at  the  temperature 
of  632°,  the  elasticity  will  be  equal  to  the  pressure  of  16,d84 
atmospheres;  at  662'',  32,768 ;  at  692^,  65,536 ;  andat722^> 
the  elasticity  will  be  equal  to  the  pressure  of  131,072  atmo- 
spheres, which  is  130  times  greater  than  the  elastic  foroe 
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Ussigned  by  Mr.  Robins  to  the  fluid  generated  in  the  combus- 
tion of  gunpowder ;  and  about  one  sixth  part  greater  than  mj 
experiments  indicated  it  to  be. 

lliat  the  elasticity  of  steam  would  actnally  be  increased  by 
heat  in  tlie  ratio  here  assumed,  can  hardly  be  doubted.  It  has 
absolutely  been  found  to  increase  in  this  ratio  in  all  the  changes 
of  temperature  between  the  point  of  boiling  water,  I  may 
even  say  of  freezing  water,  and  that  of  280^  of  Fahrenheit's 
scale ;  and  there  does  not  appear  to  be  any  reason  why  the 
tame  law  should  not  hold  in  higher  temperatures. 

A  doubt  might  possibly  arise  with  respect  to  the  existence 
ci  a  su£Bcient  quantity  of  water  in  gunpowder,  to  fill  the  space 
in  which  the  powder  is  fired,  with  steam,  at  the  moment 
of  the  explosion;  but  this  doiibt  may  easily  be  removed. 
The  best  gunpowder,  such  as  was  used  in  my  experiments,  is 
composed  of  70  parts  in  weight  of  nitre,  18  parts  of  sulphur, 
and  16  parts  of  charcoal ;  hence  1000  parts  of  this  powder 
contain  673  parts  of  nitre,  173  parts  of  sulphur,  and  of  charcoal 
154  parts.  Mr.  Kirwan  has  shown  that  in  100  parts  of  nitre 
there  are  seven  parts  of  water  of  crystallisation ;  consequently 
in  1000  parts  of  gunpowder,  as  it  contains  673  parts  m 
nitre,  there  must  be  4*7  parts  of  water. 

Charcoal  exposed  to  the  air  has  been  found  to''absorb  nearly 
one  eight  of  its  weight  of  water ;  and  by  experiments  I  have 
made  on  gunpowder,  by  ascertaining  its  loss  of  weight  on  being 
much  dried,  and  its  acquiring  this  lost  weight  again  on  being 
exposed  to  the  air,  I  have  reason  to  think  that  the  power  of  the 
charcoal,  which  enters  into  the  composition  of  ^anpowder,  to 
absorb  water  remains  unimpaired,  and  that  it  actually  tetains  as 
much  water  in  that  state  as  it  would  retain  were  it  not  mixed 
with  the  nitre  and  the  sulphur. 

1160  grains  Troy  of  apparently  dry  gunpowder,  taken 
from  the  middle  of  a  cask,  on  being  exposed  15  minutes  in 
dry  air,  heated  to  the  temperature  of  about  200°,  was  found  to 
have  lost  1 1  grains  of  its  weight.  This  shows  that  each  cubic 
inch  of  this  gunpowder  actually  gave  out  2^  grains  of  water 
on  being  exposed  to  this  heat ;  and  there  is  no  doubt  bat 
that  at  tihe  end  of  the  experiment  it  still  retained  much  more 
water  than  it  had  parted  with. 

If  how  we  compute  the  quantity  of  water  which  would  be 
sufficient,  when  reduced  to  steam  under  the  mean  pressure  of 
the  atmosphere,  to  fill  a  space  equal  in  capacity  to  one  cid>ic 
inch,. we  shall  find  that  either  that  contained  in  the  nitre 
which  enters  into  the  composition  of  one  cubic  inch  of  giin«  ' 
powder  as  water  of  crystallisation^  or  even  that  small  quantity 
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which  exists  in  the  powder  in  the  state  of  moisture,  will  be 
much  more  than  sufficient  for  that  purpose. 

Hence  we  may  venture  to  conclude,  that  the  quantity  of 
water  actually  existing  in  gunpowder  is  much  more  than 
sufficient  to  generate  aU  the  steam  that  would  be  necessary 
to  account  for  the  force  displayed  in  the  combustion  of  gyn* 
powder,  supposing  that  force  to  depend  solely  on  the  action 
of  steam,  even  though  no  water  should  be  generated  in  the 
combustion  of  the  gunpowder.  It  is  even  very  probable  that 
there  is  more  of  it  than  is  wanted,  and  that  the  force  of 
gunpowder  would  be  still  greater,  could  the  quantity  of 
water  it  contains  be  diminished.  F];pm  this  computation  it 
would  appear,  that  the  difficulty  is  not  to  account  for  the 
force  actually  exerted  by  fired  gunpowder,  but  to  explain  the 
reason  why  it  does  not  exert  a  much  greater  force. 


An  Enquiry  concerning  the  S<mrce  of  the  Heat  which  is  excited 
hy  Friction.  By  Benjamin  Count  Rvmfobd^  -P.  -R.  S, 
Being  engag^lately  in  superintending  the  boring  of  can-* 
nou  m  the  wofKshops  of  the  mihtary  arsenal  at  Munich,  I 
was  struck  with  the  very  considerable  degree  of  heat  which 
a  brass  gun  acquires,  in  a  short  time,  in  being  bored ;  and 
with  the  still  more  intense  heat,  much  greater  than  that  of 
boiling  water,  as  I  found  by  experiment,  of  the  metallic  chips 
separated  from  it  by  the  borer.  From  whence  comes  the 
heat  actually  produced  in  the  mechanical  operation  above 
mentioned  ?  Is  it  furnished  by  the  metallic  chips  which  are 
separated  by  the  borer  from  the  solid  mass  of  metal  ?  If  this 
were  the  case,  then,  according  to  the  doctrine  of  latent  heat, 
aod  of  caloric,  the  capacity  for  heat. of  the  parts  oi  the  metal, 
so  reduced  to  chips,  ought  not  only  to  be  changed,  but  the. 
change  undergone  by  them  should  be  sufficiently  great  to 
account  for  all  the  heat  produced.  But  no  such  change  had 
taken  place. 

.  Experiment  1.  —  This  experiment  was  made  in  order  to 
ascertain  how  much  heat  was  actually  generated  by  friction, 
when,  a  blunt  steel  borer  being  so  forcibly  shoved,  by  means 
of  a  strcmg  screw,  against  the  bottom  of  the  bore  of  the  cy- 
linder, that  the  pressure  against  it  was  equal  to  the  weight 
of  about  10,000  lbs.  avpirdupois,  the  cylinder  was  turned 
round  on  its  axis,  by  the  force  of  horses,  at  the  rate  of  about 
32  times  in  a  minute.  At  the  end  of  SO  minutes,  when  the 
cylinder  had  made  960  revolutions  about  its  axis,  the  horses 
being  stopped,  a  cylindrical  mercurial  thermometer,  whose 
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bulb  was  -f^  of  an  inch  ifi  diameter,  and  3^  inches  in  lei^;ttb 
was  introduced  into  the  hole  made  to%receive  it,  in  the  akle 
of  the  cylinder,  when  the  mercury  rose  almost  instantlj  to 

Having  taken  away  the  borer,  I  now  removed  the-melaSfe 
dust»  or  rather  scaly  matter  which  had  been  detached  £f«vi 
the  bottom  of  the  cylinder  by  the  blunt  steel  borer,  in  this 
experiment;  and,  having  carefully  weighed  it,  I  found  its 
weight  to  be  837  grains  Troy.  Is  it  possil^  that  the  very 
considerable  quantity  of  he^  that  was  produced  in  this  ex* 
periment  (a  quantity  which  actually  raised  the  tempenitiiv^ 
of  above  US  lbs.  of  ^-metal  at  least  70°  of  Fahreoheit'a 
thermometer,  and  wmch,  of  course,  would  have  been  c^iable 
of  melting  6^  lbs*  of  ice,  or  of  causing  near  5  lbs.  of  iee-^M 
water  to  boil,)  could  have  been^fumished  by  soincqiisidoralble 
a  quantity  of  metallic  dust?  and  thi&  merely  in  consequmea 
of  a  chapge.of  its  otpitf^ty  for  h^  ?       . 

J^oepmrnent^.'^Tllie  result  of  this  be9.utiiiil  experimeal- 
was  very  striking,  and  the  pleasure  it  afforded  me  amply  ^rer- 
paid  me  for  all  the  trouble  I  had  had,  in  ^ntiiviBg  and  ar-, 
ranging  the  c<»Enplicated  machinery,  used  m  makii^  it.     H^h; 
cylmder,  revolvmg  at  the  rate  of  about  32  times  in  amkiut^  : 
bad  been  in  motion,  but  a  short  time,.whenl  pevceiv^djlQP:^ 
putting  my  handintO'the  water,  and  touching  the-  ofitoid^  ii_ 
the  cylinder,,  that  heat  was. generated;  and  it  was  not  Jtongj 
before  the  water,  which,  surrounded  the  cylinder  begaa  tp*^ 
sensibly  warm.  >  At  the  end  of  one  hour,  I  foupd,  by  f^uag»^ 
ing  a  thermometer  into  the  water,  in  the  box^  (the  quaati^ 
of  which  fluid  amounted  to  18.77  lb&  avoirdiif>ois»  or  2^  -wiiie^ 
gallons,)  that  ita  temperature  had  been  raised  no  less  tii^a 
4<7'';  being  now  107*^  of  Fahrenheit's  scale.  When  30  naiaulefl^ 
more  had  elapsed,  or  one  hour  and  50  minutes  after  the  m^:, 
chin^y  had  been  put  in  motion,  the  heat  of  the  water  ia-tfaa'^ 
box  wa&  1^2^*     At  the  end  of  two  hours,  reckoning  iron  tfaa-. 
beginning  of  the  experiment,  the  temperature  of  the  walei^. 
was  found  to  be  raised  to  178®.    At  two  hours  20  minutea^it . 
was  at  200° ;  and  at  two  hours  30  minutes  it  aetually  boiled ! 

The  quantity  oi  heat  produced  equably,  or  in  a  coatinual 
streamy  by  the  fnetioo  of  the  blunt  steel  borer  against  tiw 
bottom  of  the  hollow  metallic  cj&ider,  in  the  experiment* 
under  consideration,  was  greater  than  that  produced  equably 
in  the  combustion  of  nine  wax  candles,  each  three^ourtha^  ^ 
an  inch  in  diameter,  all  burning  together,  or  at  tha  same  . 
^e,  with  dear  bright  flames.    As  the  machinery  used  u^^ . 
0H8  experiment  could  easily  be  carried  round  by  ttiie  forqi  of. 
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ome  iMirs^  (though,  to  rendeir  th6  work  lighter,  two  horses 
v^re  actually  employed  in  doling  it)  these  computations  show 
fytth&f  how  latge  a  quantity  of  heat  might  be  produced,  by 
pro{>er  nlechanical  contrivance,  merely  W  the  strength  of  a 
{Mi%e»  Without  either  fire,  light,  combustion,  of  chemical  de-* 
j     conipoi^ition ;  and,  in  a  base  of  necessity,  th6  heat  thus  pro- 
duced might  be  used  m  cooking  victuals. 
I     *    By  lileditating  on  tlii^  results  of  dl  these  experiments,  we 
ar^  naturally  brought  to  that  great  question  which  has  so  often 
he6n  th^  subject  of  speculation  among  philosophers ;  namely, 
wtl6t  19  heat?  —  Is  there  any  such  thing  as  an  igneous  fluid  ? 
— » Is  there-  any  thing  that  can  with  propriety  be  called  cdorie? 
I     We  hiiVe  seen  that  a  very  considerable  quantity  of  heat  may 
I     be  excited  in  the  friction  of  two  metallic  surfaces,  and  given 
I     o&  hk  a  cohstiEmt' stream  or  flux,  in  all  directions,  without  in<* 
,     t^vuption  or-  inteniiission;  and  without  an^^  signs  of  diminu- 
tSon  or  exhaustion.    Then  whence  came  titie  heat  which  was 
I     cifHl^ually  given  off  in  this  manner,  in  the  fbregoing  experi- 
I     ments  ?  Was  it  furnished  by  the  small  particles  of  metal,  de- 
,     tacked  fro^  the  larger  solid  masses,  on  their  being  rubbed 
I     together  ?  This,  as  we  have  already  seeii,  could  not  possibly 
I     have  been  the  case.    Was  it  ^mished  b^  the  air?    This 
I      cdddd  not  have  been  the  case ;  for  in  three  of  the  experiments 
I      the  ma^inery  being  kept  immersed  in  water,  the  access  of 
,      tile  air  of  the  atmosphere  was  completely  prevented, 
^-'-^^itudj  in  reasoning  on  this  subject,  we  must  not  forget  to 
cofwider  that*  most  remarkable  circumstatice,  that  the  source 
of  Hie  heat  generated  by  fiictioh,  in  these  experiments,  ap- 
peared evidently  to  be  inexhaustible.    It  is  hardly  necessary 
to^  addj  that  any  thing  which  any  insulated'  body,  or  system 
of  bodies,  can  continue  to'  furnish  without  limitation,  cannot 
I      poBi^ly  be  a  matenal  substance ;  and  it^  appears  to  me  to  be 
I      eiftremely  difficult,  if  not  quite  imp6sfi!Mei  to  ftwra  any  di8>- 
ttnet  idea  of  any  thing,  capable  of  being  excited,  and  com-' 
municated,  in-  tibe  manner  the  heat  w^s  exbited  arid  com- 
miU^ieated  in  these  experiments,  except  it  be  motion. 


Smgular  hutmee  of  aimoqAentat  E^retOiwu  By  Wih%jAU 
Latham,  E^;  F.B.S.  Sf  Ai  /SI —[179^3 
JtJLY  26.,  about  five  o'clock  in  the  afternoon,  while  sitting 
in-  my  dmmgiroom  at  this  place  (Hastings),  which  is  situated 
on  the  Parade,  dose  to  the  sea-shore,  nearly  fronting  t^e 
8ot(th,  raty  attention  was  exched  by  a  great  number  of  people 
running  down  to  the  sea-^e.  ^  g,,,,  by  GooqIc 
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On  enquiring  the  reason,  I  was  infbrmed  that.the  cofist  of 
France  was  plainlj  to  be  distinguished  with  the  naked  e^ 
I  immediately  went  down  to  the  shore,  and  was  surprised  to 
find  that^  even  without  the  assistance  of  a  telescope,  I  oopid 
very  plahily  see  the  clifis  on. the  oppodte  coast ;  which,  at  the 
nearest  part,  are  between  40  ana  50  miles  distant,  and  aie 
not  to  be  discerned,  from  that  low  situation,  by  the  aid  of  the 
best  glasses.  T1iey«appeared  to  be  only  a  few  miles  off,  and 
seemed  to  extend  for  some  leagues  along  the  coast. 

I  ptffsued  ray  walk  aloi^  the  shore  to  the  eastward,  dose 
to  the  water's  edge,  conversing  with  the  sailors  and  fishenn^ 
on  the  subject  At  first  they  could  not  be  persuaded  of  the 
reality  of  the  appearance ;  but  they  soon  became  sa  tho- 
roughly convinced,  by  the  cli£&  gradually  appearing  more 
elevated,  and  approaching  nearer,  as  it  iiirere,  that  they 
pointed  out,  and  named  to  me,  the  difierent  plaees  they  hid 
been  accustomed  to  visit ;  such  as  the  Bay,  the  Old  Header 
Man,  the  Windmill,  &c  at  Boulogne;  St.  Vallery,  and  otiier 
places  on  the  coast  of  Picardy ;  which  they  afterward^  con- 
firmed, when  they  viewed  them. through  their  telescope 
Tlieir  observations  were,  that  the  places  appeared  as  near  as 
if  they  were  sailiog,  at  a  small  distance,  into  the  harbours^ 

HaWi^  indulged  my  curiosity  on  the  shore  for  near  an 
hour,  during  which  the  cliffs  appeared  to  be  at  some  times 
more  bright  and  near,  at  others  more  faint  and  at  a  greater 
distance,  but  never  out  of  sight,  I  went  on  the  eastern  cliff  ibr 
hill,  which  is  of  a  very  con8idend)le  height,  when  a  most  beau- 
tiful scene  presented  itself  to  my  view;  for  I  could  at  once< 
see  Dungeness,  Dover  cliffs,  and  the  French  coast,  all  along 
from  Calais,  Boulogne,  &c.  to  St.  Vallery ;  and,  as  some  of 
the  fishermen  affirmed,  as  far  to  the  westward  even  as  Dieppe. 

By  the  telescope,  the  French  fishing-boats  were  plain^  to 
be  seen  at  anchor ;  and  the  different  colours  of  the  land  on. 
the  heights,  with  the  buildings,  were  perfectly  discernible., 
This  curious  phenomenon  continued  in  the  highest  splendour 
till  past  eight  o'clock,  though  a  black  cloud  totally  obScurdd 
the  face  of  the  sun  for  some  time,  when  it  gradually  vanished. 
I  was  assured,  from  every  enquiry  I  could  make,  that  so  re- 
markable an  instance  of  atmospherical  refiraction  had  never 
been  witnessed  by  the  oldest  inhabitant  of  Hastings,  nor  t>y 
any  of  the  numerous  visitors  come  to  the  great  annual  fain 

The  day  was  extremely  hot.  I  had  no  barometer  with  me, 
but  suppose  the  mercury  must  have  been  high,  as  tliat  and 
the  three  preceding  days  were  remarkably  fine  and  clear.  To 
^he  best  of  my  recollection,  it  was  high  waiter  at  Hastings 

/      ■  DigfeedbyLiOOgle 


»oM£  ON  TH8  arvajcrvRE  of  nerv£s.  557 

tft>out  two  o'clock  P.  M.  Not  a  breath  of  wind  was  stirring 
the  whole  of  the  day ;  but  the  small  pennons  at  the  mast* 
head^  of  the  fishing-boats  in  the  harbour  were  in  the  morning 
Bt  all  points  of  the  compass. 

I  was,  a  few  days  afterwards,  at  Wmchelsea,  and  at  several 
places  aJong  the  coast,  where  I  was  informed  the  above  phe- 
nomenon had  been  equally  visible.  When  I  was  on  the 
eastern  hill,  the  cape  of  land  called  Dungeness,  which  extends 
nearly  two  miles  into  the  sea,'  and  is  about  16  miles  disUmt 
from  Hastings,  in  a  right  line,  appeared  as  if  ^uite  dose  to  it; 
as  did  the  fishing-boats  and  other  vessels,  which  were  sailing 
between  the  Wo  places ;  they  were  likewise  magnified  to  a 
great  degree.    ' 

Tike  CfwmianZeciuire*    Being  Esqi&rmeiiUs  and  Observaiiang 
<m  ^  StrudHre  ofNervet*     By  Ef*  Homs^  Esq,  F.R.  & 

'    The  principal  theories  which  hiave  been  formed  respecting 
the  structure  of  nerves,  which  have  been  taken  notice  of  by 
Fontana,  as  they  aH  differ  fi*om  the  observations  which  will  be 
fitated  in  the  present  paper,  it  may  not  be  improper  to  men* 
tion  the  heads  of  each  of  them,  so  as  to  bring  into  one  point 
of  view  all  the  knowledge  that  has  been  acquired  on  th^ 
subject    Torre  found  the  medullary  substance  of  the  brain, 
spinal  marrow,  and  nerves,  to  be  a  mass  of  transparent  glo*- 
bules,  swimming  in  a  transparent  fluid.     When  the  parts  were 
magnified  1000  times,  the  globules  appeared  largest  in  the 
brain,  and  smaller  in  the  spinal  marrow  :  they  had  no  regular 
order ;  but  in  the  nerves  the  globules  were  placed  in  Jmes, 
so  as  to  give  the  appearance  of  fibres.    In  examining  the 
optic  nerve,  the  parts  were  magnified  1^  times.  Prochaska 
c<9isidered  the  nerves  to  be  composed  of  globules,  united  by 
a  transparent,  elastic,  cellular  membrane,  and  disposed  in 
straight  lines,  resembling  fibres.     Fontana  found  the  primitive 
Structure  of  nerves  to  consist  of  transparent  cylinders,  which, 
when  united,  formed  the  nerve :  the  manner  of  their  being 
disposed  is  not  mentioned.    The  objects  were  magnified  700 
times,  to  show  this  appearance.     Dr.  Monro  considered  the 
nerves  as  made  up  of  spiral  fibres ;  but  afterwards  found 
that  what  he  had  described  was  entirely  an  optical  decep- 
tion.   In  his  last  work,  he  says,  ^'  The  optic  nerves  have,  in 
their  whole  course,  less  appearance  of  a  fibrous  structure 
,  than,  perhaps,  any  other  pair  of  nerves  in  the  human  body." 
Other  authors  may  have  written  on  this  subject,  and  may 
t  have  made  observations  on  the  structure  of  nerves,  but  want 
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of  leisure  must  be  an  excuse  for  my  not  hftving  opiae  to  a 

knowledge  of  them. 

It  is  scarcely  necessary  to  mention,  that  parts  of  an  »«>«««iil 
body  are  not  fitted  for  being  examined  by  glasses  of  a  great 
magnifying  power ;  and  wherever  they  are  shown  lOO  tunes 
.larger  than  the  natural  size,  no  dependence  can  be  plac^  en 
their  appearance.    In  making  the  following  microscopical  en- 
perlments  on  the  internal  structure  of  the  optic  nerve,  ^eat 
care  was  taken  to  avoid  the  errors  of  former  enquirers.    The 
first  experiments  were  made  on  transverse  sections  of  tbe 
nerve*    One,  near  its  termination  in  the  eye,  was  placed  on 
glass,  and  exhibited  in  the  microscope  the  following  appeac- 
ances :  it  was  evidently  composed  of  two  parts,  one  apaqjoe, 
the  other  transparent.    The  opaque  portions  were   nearly 
circular  in  their  shape,  about  600  in  number,  and  touched 
each  other ;  the  interstices  between  them  were  tian^Murei^ 
Wh^  tbe  opaque  parts  were  attentively  exammed  in  a  £ir- 
yourable  light,  apd  the  nerve  was  in  a  recent  state^  tb/ej  were 
found  to  be  made  up  of  a  great  number  of  smaller  portions^ 
.each  of  which  appeared  to  be  also  opaque.    To  see  this  anb* 
division  of  parts  required  some  attention,  and  in  niany  sqfi^ 
tions  it  could  not  be  perceived.    The  cause  of  the  diffirnitar 
seemed  to  be,  the  softness  and  tenacity  of  the  substance  dK 
vided,  which  therefore  spread  itself  over  the  sur&oe»  giving 
it  a  uniform  appearance :  but  towards  the  circumfeoence  of 
the  nerve,  where  the  parts  were  cut  obliquely,  and  some  of 
them  torn,  the  subdivision  was  very  distinct. 

Transverse  sections  were  examined  ip.  diSerpat  parts  ai  tbe 
nerve,  near  the  brain,  towards  the  middle,  and  nearer  (he  eye. 
In  all  the  sections  the  nerve  iq)peared  to  be  made  up  of  u^ 
same  substances ;  but  the  size  and  number  of  the  Q|)aqii0 
parts  differed  very  much.  They  have  been  stated,  near  tbe 
eye,  to  be  600 ;  about  the  middle  of  the  nerve,  they  were 
150;  and,  near  the  brain,  between  the  origin  and  union  of  the 
two  nerves,  they  were  only  about  40.  As  they  became 
larger,  they  were  less  regular  in  their  shape,  and  had  less  of 
a  circular  form ;  nor  were  they  uniform,  some  appearing  very 
large,  with  one  or  two  smaller  placed  between  tnem.^ 

After  having  succeeded  in  this  examination  of  the  n^rve 
transversely,  an  attempt  was  made  to  investigate  its  structure 
in  a  longitudinal  direction.  To  do  this>  a  portion  of  the  ner- 
vous pulp  had  its  coat,  formed  by  the  dura  mater,  along  with 
a  thin  vascular  membrane  which  lines  it,  carefully  removed 
for  about  an  inch  in  length  ;  the  external  surface  of  the  pulp 
was  then  examined  with  a  magnifying  glass^^^  structure 
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ivTf^  evidetitly  fiwdculated,  but  the  fasciculi  did  not  run  pa- 
rallel to  each  other;  they  seemed  to  unite  together  And 
^separate  agam,  in  such  a  manner  that  any  one  of  them  could 
itiot  be  traced  for  hidf  an  inch  in  length,  without  being  lost  in 
*l^e  neighbouring  part;  Wlien  thin  sections  were  ekamined-in 
^he  field  of  the  microscope,  they  put  on  the  sames^pearance: 
this  was  equally  the  case,  whether  the  part  eicamined  was  near 
the  centre  or  circumference  of  the  nerve.  The  &sciculi  were 
largest  in  that  part  of  the  nerve  near  the  brain,  and  smallest 
towards  tlie  eye.  Great  pains  were  taken  to  ascertain  whe- 
thet*  the  fociculi  were  made  up  ai  continued  fibres,  or  of  siiiall 
'parts  unconnected,  which,  from  their  position,  gave  that  ^ 
pearance ;  but  every  observation  that  was  made  ^as  in  prodf 
of  their  being  conttntied  fibres. 

From  these  experiments,  the  internal  structure  of  the  optic 
YMVve  appears  to  be  made  up  in  the  following  mimner :  At 
fts  origin  from  die  brain  it  consists  of  30  or  40  fasci<^»  or 
t»ttttdles  of  extremely  small  opaqiw  pulpy  fibres,  tiie  intiBrstieelS 
l>etween  which  are  filled  wi^  a  transparent  jeQy.  As  the 
nerve  goes  farther  from  the  brain,  the  ^isciculi  form  smaller 
ones  of  different  sizes.  This  is  not  done  by  a  regular  siMi- 
irision,  but  by  a  few  fibres  going  off  latenafiy  from  several  large 
fasciculi^  and  being  united,  forming  a  amaUer  one :  soine  <^ 
the  ftsciculi  so  fi^rmed,  which  are  very  small,  unite  again  into 
one.  In  this  way^  the  fasciculi  graihiaU^  diminish  in  size, 
mid  increase  in  number,  till  they  termmate  in  the  retiiMU 
Near  the  eye,  where  the  fasciculi  are  most  numerous,  the 
substance  of  tiiie  nerve  has  a  t»)nsldeFable  degree  bf  trans- 
parencjs  fifom  ^e  number  of  transparent  interstices  between 
them ;  but  this  is  less  the  case  nearer  the  brain,  where  the 
interstices  are  fewer.  In  the  optic  «erve  of  the  cat,  the 
structure  is  the  same  as  in  the  horse ;  but,  firom  the  smaUneSS 
of  the  parts,  less  fitted  for  investigation.  Near  the  eye,  its 
internal  substance  is  more  tranq>arent  than  the  corresponding 
part  in  ^e  horse. 

To  see  how  far  this  structure  was  peculiar  to  the  i^;>tic 
xkerve,  similar  experiments  were  made  on  the  internal  sub^ 
stance  of  the  Mh  and  seventh  pair  of  nerves,  near  tiieir 
origm  at  the  brain,  and  the  structure  was  found  to  be  th^ 
came.  In  these  last-mentioned  nerves,  the  mtersdces  be> 
tween  the  fasciculi  were  smaller  than  In  the  optic  netve, 
rendering  their  transverse  sections  less  trttnsparent;  firbm 
which  it  is  natural  to  «iq»pose,  that  the  interna  parts  of  the 
optic  nerve  lure  not  so  compact  as  in  other  nerves,  and  there* 
tbre  it  is  better  fitted  for  exan^ination,  Cc^n,n\o 
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TheBe  experiments  show,  that  the  nerves  do  not  consist  of 
tubes  conveying  a  fluid,  but  of  fibres  of  a  peculiar  klnc^  dif^- 
ent  from  every  thing  else  in  the  body,  Vith  which  we  are  ac- 
quainted. The  course  of  these  fibres  is  very  curious  i  they 
appear  to  be  constantly  passing  from  one  fasciculus  to  an- 
other, so  as  to  connect  all  the  difierent  fasciculi  together  by 
a  mixture  of  fibres. 


On  a  Submarine  Forest^  on  the  East  Coast  ofJEngland* 

In  the  month  of  September,  1796,  the  narrator  went  to 
Sutton,  on  the  coast  of  Lincolnshire,  in  company  with  Sir 
Joseph  Banks,  to  exajoaine  thehr  extent  and  nature. 

He  visited  them  again  in  the  ebbs  of  the  tide ;  and,  thoi^ 
it  generally  did  not  ebb  so  far  as  he  expected,  he  coi£l, 
notwithstanding,  ascertain,  that  they  consisted  almost  entirely 
of  roots,  trunks^  branches,  and  leaves  of  trees  and  «hnibii> 
intermixed  with  some  leaves  of  aquatic  plants.  The  remains 
of  some  of  these  trees  were  still  standing  on  their  roots ; 
while  the  trunks  of  the  greater  part  lay  scattered  on,  the 
ground,  in  every  possible  direction.  The  bark  of  the  trees 
and  roots  appeared  generally  as  firesh  as  when  they  wer^ 
growing ;  in  that  of  the  birches  particularly,  of  which  a  grei^ 
quantity  was  found,  even  llie  l^in  silvery  membranes  ca  th^ 
outer  skin  were  discernible.  The  timber  of  all  kinds,  on  the 
contrary,  was  decomposed  and  soft,  in  tlie  greatest  part  of 
the  trees ;  in  some,  however,  it  was  firm,  especially  in  the 
knots.  The  people  of  the  country  have  often  found  among 
^em  very  sound  pieces  of  timber,  fit  to  be  employed  for 
several  economical  purposes. 

The  sorts  of  wood  which  are  still  distinguishable  are  birch^ 
fir,  and  oak.  Other  woods  evidently  exist  in  these  islets,  of 
some  of  which  we  found  the  leaves  in  the  soil ;  but  our  present 
knowledge  of  the  comparative  anatomy  of  timbers  is  not  so 
&r  advanced  as  to  afford  us  die  means  of  pronouncmg  with 
confidence  respecting  their  species.  In  general,  the  trunks, 
branches,  and  roots  of  the  decayed  trees,  were  considerably 
flattened;  which  is  a  phenomenon  observed  in  the  Surtar- 
brand  or  fossil  wood  of  Iceland,  and  which  Scheuchzer 
remarked  also  in  the  fossil  wood  found  near  the  lake  of  Thun, 
in  Switzerland. 

This  moor  extends  over  all  the  Lincolnshire  fens,  and  has 
been  traced  as  far  as  Peterborough,  more  than  60  miles  to 
the  south  of  Sutton.  On  the  north  side,  the  moory  islets, 
according  to  the  fishermen,  extend.asfar  as  Grimsby,  situated 
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6n  the  south  side  of  the  mouth  of  the  ttumher ,  aiid  it  is  a 

remarkable  circumstance,  that  in  the  large  tracts  of  lowlands 

'#hich  lie  on  the  south  banks  of  that  river,  a  little  above  its 

'*inoudi,  there  is  a  subterraneous  stratum  of  decayed  trees  and 

'^ubs,  exactly  like  those  we  observed  at  Sutton ;  particularly 

'at  Axholme  isle,  a  tract  of  10  miles  in  length,  by  five  itk 

breadth  ;  and  at  Hatfield-chase,  which  comprehends  180,000 

acres.    Dugdale  had  long  ago  made  this  observation,  in  the 

first  of  these  places,  and  De  la  Pryme  in  the  second.    The 

roots  are  there  likewise  standing  in  the  places  where  they 

grew  ;  the  trunks  lie  prostrate.    The  woods' are  of  the  same 

ispecies  as  at  Sutton.    Roots  of  aquatic  plants  and  reeds  are 

likewise  mixed  with  them ;  and  they  are  covered  by  a  stratum 

of  some  yards  of  soil. 

The  &8sil  remains  of  vegetables  hitherto  dug  up  in  so 
inany  parts  of  the  globe,  are,  on  a  close  inspection,  found  to 
^Ijelong  to  two  very  different  states  of  our  planet.  The  parts 
cif  vegetables,  and  their  impressions,  found  in  moimtains  of  & 
cretaceous,  schistous,  or  even  sometimes  of  a  calcareous 
nature,  are  chiefly  of  plants  now  existing  between  the  tropics, 
^which  could  neither  have  grown  in  the  latitudes  in  whidi 
^they  are  dug  up,  nor  have  been  carried  and  deposited  there 
l^y  any  of  the  acting  forces  under  the  present  constitution  of 
nature.  The  formation,  indeed,  of  the  very  mountains  in 
Mrhich  they  are  buried,  and  the  nature  and  disposition  of  the 
materials  which  compose  them,  are  such  as  we  cannot  account 
for  by  any  of  the  actions  and  re-actions  which,  in  the  actual 
state  of  things,  take  place  on  the  surface  of  the  earth. 

The  changes  which  these  vegetables  have  suffered  in  their 
substance  is  almost  total ;  they  conDpnonly  retain  only  the 
external  configuration  of  what  they  originally  were.  Such  is 
the  state  in  which  they  have  been  found  in  England,  by 
lilwyd;  in  France,  by  Jussieu;  in  the  Netherlands,  by 
Burtin;  not  to  mention  instances  in  more  distant  countries. 
Some  of  the  impressions  or  remains  of  plants  found  in  soils 
of  this  nature,  wnich  were,  by  more  ancient  and  less  enlight- 
ened oryctologists,  supposed  to  belong  to  plants  actually 
Rowing  in  temperate  an4  ^old  climates,  seem,  on  accurate 
mvestigation,  to  have  beeit,'pai*ts  of  exotic  vegetables.  In 
feet,  whether  we  suppose  them  to  have  grown  near  the  spot 
where  they  are  found,  or  to  have  been  carried  thither  from 
different  parts,  by  the  force  of  an  impelling  flood,  it  is  equally 
difBcidt  to  conceive,  how  organised  beings,  which,  in  order 
ta  live,  require  such  a  vast  difference  in  temperature  and  in 
-aeissonsy  could  Hve  on  the  same  spot^  or  how  their  remains 
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could^  &oxn  climates  so  widely  distant,  he  brought  tof^tiifc 
to  the  same  place,  by  one  common  dislocating  .cause*  To 
this  ancient  order  of  fossil  vegetables  belong  whatever  i^taioft 
a  vegetable  shape,  found  in  or  near  coal  nunes,  and,  to  judf^ 
from  the  places  where  they  have  been  found,  the  greiitev 
part  of  the  agatised  woods. 

The  secona  order  of  fossil  vegetables  comprehends    ikkom 
which  are  found  in  strata  of  clay  or  sand ;  materials  wbic^ 
are  the  result  of  slow  depositions  of  the  sea  or  of  riven^ 
agents  still  at  work  imder  the  present  constitution  of  our 
planet.    These  vegetable  remains  are ,  found  in  such  fiat 
countries  as  may  be  considered  to  he  of  a  new  formatiaB. 
To  this  last  description  of  fossil  vegetables  the  decayed  trees 
here  described  certainly  belong.     They  have  not  b^n  traii#?> 
ported  b^  currents  or  rivers ;  but,  though  standing  in  their 
native  soil,  we  cannot  suppose  the  level  in  which  they  are 
found  to  be  the  same  as  that  in  which  they  grew.    It  woidd 
have  been  impossiMe  for  any  of  these  trees  and  shrubs  to 
vegetate  sp  near  the  sea,  and  below  the  common  level  of  its 
water :  the  waves  would  cover  such  tracts^  of  land,  and  hinder- 
^y  vegetation.    We  cannot  conceive  that  thie  surfai^  of.  the 
ocean  has  ever  been  lower  than  it  now  is ;  on  the  contraryt 
Wje  are  led  by  numberless  phenomena  to  believe,  that  th^ 
level. of  the  waters  in  our  globe  is  much  below,  what  it  wm 
m  former  periods;  we  must,  therefore,  conclude,  that  the 
forest  here  described  grew  in  a  level  high  enough  to  permit 
its  vegetation;  and  that  the  force,  whatever  it  was,  which 
destroyed  it,  lowered  the  level  of  the  ground  where  it  stood. 

The  shores  of  Alexandria,  according  to  Dolomieu's  observ- 
ations, are  a  foot  lower  than  they  were  m  the  time  of  the 
Ptolemies.  Donati,  in  his  natural  history  of  the  Adriatic, 
has  remarked,  seemingly  with  great  accuracy,  the  effects  ol 
this  subsidence  at  Venice ;  at  Pola,  in  Istria ;  at  Lissa,  BuSt 
IZara,  and  Diclo,  oix  the  coast  of  Dahnatia.  In  England, 
Borlase  has  given  a  curious  observation  of  a  subsidence,  of  at^ 
least  16  feet,  in  the  ground  between  Saippson  and  Trescaw 
islands,  in  Scllly.  The  soft  and  low  ground  between  the 
towns  of  Thome  and  Gowle,  in  Yorkshire,  a  space  of  many 
miles,  has  so  much  subsided  in  latter  times,  that  some  old 
men  of  Thome  affirmed,  ^'  that  whereas  they  could  before  see^ 
little  of  the  steeple  of  Gowle,  they  now  see  the  churchyard ;^ 
wall."  The  instances  of  similar  subsidence  which  miglu  be 
mentioned  are  innumerable* 

The  stratum  of.  soi^  16  feet  thick,  placed  above .  the. 
decayed  trees,  seems  ta  remove  the  epocn  of  their  sinkis^ 
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imd  destructioii  ^  beyond  the  reach  of  any  histof leal  knowr 
ledge.  In  Cttsar'g  time,  die  level  of  the  North  Sea  appear^ 
to  hav«  been  tibe  same  as  in  our  days.  He  mentions  thfe 
separation  of  the  Wahal  branch  of  the  Rhine,  and  its  junctiott 
to  the  Meuse ;  noticiog  the  then  existing  distance  from  that 
junction  to  the  sea ;  which  agrees,  according  to  D'Anvi11e*s 
enquiries,  with  the  actual  distance.  Some  of  the  Roman 
roads  constructed  by  order  of  Augustus,  under  Agrippa'^ 
•dministration,  leading  to  the  maritime  towns  of  BelgiUifi; 
«tiU  exist,  and  reach  i^e  present  shore.  It  seems  proved, 
tmta  historical  records,  carefully  collected  by  several  learned 
members  of  the  Brussels  Academy,  that  no  material  change 
hsM  happened  to  the  lowermost  part  of  maritime  Flanders 
during  tiie  period  of  the  last  2000  years. 


Investigation  cf  ike  Powers  of  the  Prismaiie  Cokmrs  lo  hM 
and  illuminate  Ot^feeis*    Bp  Wslliam  Hmxschel^  LLJ>. 

Eaperiment  I.  —  Havil^g  arranged  two  thermometers  in 
the  pkce  prepared  for  the  experiment,  I  waited  till  they 
were  stationary.  Then,  advancing  No.  1.  to  the  red  rays, 
abd  leaving  the  other  two  dose  by,  in  the 
shade,  I  marked  down  what  they  showed 
at  different  times,  as  annexed.  This,  in 
about  eight  or  ten  minutes,  gave  6f  de-^ 
grees^  for  the  rising  produced  in  my  ther<i 
mometer,  by  the  red  rays,  compared  to 
the  standard  thermometer. 

Experiment  2.  -^  Piroceeding  in  the  same 
manner  as  before,  in  the  green  rays  I  had 
as  annexed.  Therefore,  in  ten  minutes, 
^e  green  rays  occasioned  a  rise  of  S^ 
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Eapertment  3.  — I  now  exposed  ray 
thermometer  to  the  violet  rays,  and  com- 
pared it  with  No.  2.  Here  we  have  a 
rsing  of  2^,  in  ten  minutes,  for  the  violet 
rays. 

From  these  experiments,  we  are  authorised  to  draw  the 
foBowing  results.  In  the  red  rays,  my  thermometer  gave 
6f  degrees  for  the  rising  of  the  quicksilver.  In  the  second, 
experiment,  we  had  3  J  Agrees,  for  the  rismg  occasioned  by 
the  green  rays  ;  from  which  we  obtain  the  proportion  of  55 
to  26,  for  the  power  of  heating  in  red  to  tnat  in  green. 
The  third  experiment  gave  2^  for  the  violet  rays ;  and 
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tharefore  we  have  ^  riskkg  of  the  q^dbUver  in  red  to 
that  ta  viokty  as  55  ta  16.  Therefore,  we  have  tlie  propor- 
tion of  the  rising  in  red  to  that  in  gte^n,  as  27  to  lly  ixiVi 
55  to  22.4. 

Experiment  on  the  tUuminatinff  Power  of  coloured  Ha^ 
—  I  placed  an  object  that  had  very  minute  parts  under  e 
double  microscope;  and  having  set  a  prism  in  the  window;  so 
as  to  make  the  coloured  image  of  the  sun  stationary  on  the 
tai^e  where  the  microscope  was  place4>  I  caused  the  differently 
-coloured  rays  to  &I1  successively  on  ti\e  object,  by  advanc^ 
the  microscope  into  their  light.  The  magnif3dog  power  was 
27  times. 

By  an  attentive  and  repeated  inspection,  I  found  that  tny 
object  was  very  well  seen  in  red ;  better  in  orange,  and  Btm 
better  in  yellow ;  iiill  as  well  in  green  ;  but  to  less  advantage 
in  blue ;  indifferaitly  well  in  indigo,  and  with  more  imper* 
ftetion  in  violet. 

From  these  and  other  observations  We  may  conclude,  that 
the  'red-making  rays  are  very  fkr  fi-om  having  it  in  any  eminent 
degree.  The  orange  possesses  more  of  it  than  the  red ;  and 
the  vellow  rays  illuminate  objects  still  more  perfectly.  The 
maxunum  of  illumination  lies  in  the  brightest  yellow,  or 
palest  green.  Tlie  green  itself  is  nearly  equally  Img^t  witb: 
the  yefiow ;  but,  from  the  full  deep  green,  the  illuminating' 
power  decreases  very  sensibly.  That  of  the^blue  is  nearly  on 
a  par  with  that  of  the  red :  d^e  indigo  has  much  leiss  than  the 
blue ;  and  the  violet  is  very  deficient. 

As  an  easy  way  of  smoking  glasses  uniformly  is  of  some 
consequence  in  astronomical  observations,  it  may  be  of  service 
here  to  give  the  proper  directions^  how  to  proceed  in  the 
(^ration. 

With  a  pair  of  warm  pliers,  take  hold  of  the  glass,  and 
place  it  over  a  candle,  at  a  sufficient  distance  not  to  contract 
smoke.  When  it  is  heated,  but  no  more  than  still  to  permit 
a  finger  to  touch  the  edges  of  it,  bring  down  the  glass,  at  the 
side  of  the  flame,  as  low  as  the  wick  will  permit,  which  must 
not  be  touched.  Then,  with  a  quick  vibratory  motion,  agitate 
it  in  the  flame  from  side  to  side ;  at  the  same  time  advancing 
and  retiring  it  gently  all  the  while.  By  this  method,  you 
may  proceed  to  lay  on  smoke  to  any  required  darkness.  It 
ought  to  be  viewed  from  time  to  time,  not  only  to  see  whether 
it  be  sufficiently  dark,  but  whether  any  inequality  may  be 
perceived;  for  if  that  should  happen,  it' will  not  be  proper  tQ 
go  on.  The  smoke  of  sealing-wax  is  bad :  that  of  pitch  is 
worse.     A  wax  candle  gives  a  good  smoke ;  hnt  that  of  a 
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Uihw  candle  is  betl^.  As  good  as  any  I  hare  hitherto  met 
withj  is  the  smoke  of  spermaceti  oil.^  In  usmg  a  lamp,  you 
may  also  have  Uie  advantage  of  an  even  flame  extended  to 
any  length. 

Ea^periments  on  the  Refrangibility  of  the  invisible  Rays  of  the 
'     Sun.    By  IVm.  Hebschel,  £L.D.  F.R. iS.  —  [18000 

.  My  experiments  prove,  that  there  are  rays  coming  from 
the  smi»  which  are  less  refrangible  than  any  of  those  that 
affect  the  sight  They  are  invested  with  a  high  power  of 
heating  bodies,  but  with  none  of  illuminating  objects;  and 
this  explains  the  reason  why  they  have  hitherto  escaped 
unnoticed.  At  the  distance  of  52  inches  from  the  prism, 
there  was  still  a  considerable  heating  power  exerted  by  m^ 
visible  rays,  1  j(  inch  beyond  the  red  ones,  measured  on  their 
projection  on  a  horizontal  plane.  I  have  no  doubt  but  that 
theur  efficacy  may  be  traced  still  somewhat  farther.  Experi- 
ments show,  that  the  power  of  heating  is  extended  to  the 
utmost  limits  of  the  visible  violet  rays,  but  not  beyond  them ; 
and  that  it  is  gradually  impaired,  as  the  rays  get  more  refran- 
gible.  The  maximum  of  the  heating  powei^  is  vested  among 
the  invisible  rays ;  and  is,  probably,  not  less  than  half  an  inch 
beyond  the  last  visible  ones.  The  same  experiments  also- 
show,  that  the  sun's  invisible  rays,  in  their  less  refirangilaie! 
state,  and  considerably  beyond  the  maximum,  still  exert  a 
heating  power  fully  equal  to  that  of  red*coloured  light ;  and 
that,  consequently,  if  we  may  infer  tlie  quantity  of  the  effident 
from  the  effect  produced,  the  invisible  rayspf  the  sun  probably, 
far  exceed  the  visible  ones  in  number* 

If  we  call  light,  those  rays  which  illuminate  objects,  and 
radiant  heat,  those  which  heat  bodies,  it  may  be  enquired, 
whether  light  be  essentially  different  from  ra<£ant  heat  ?  In^ 
answer  to  which  I  would  suggest,  that  we  are  not  allowed,  by 
the  rules  of  philosophising,  to  admit  two  different  caused  to 
eacplain  certain  effects,  if  they  may  be  accounted  for  hy  one* 
A  beam  of  radiant  heat,  emanating  from  the  sun,  consists  of 
rays  that  are  differently  refrangibl^e.  The  range  of  ^eir  extent, 
when  dispersed  by  a  prism,  begins  at  violet-coloured  light^ 
where  they  are  most  refracted,  and  they  have  the  least  efficacv« 
We  have  traced  these  calorific  rays  throughout  the  whole 
extent  of  the  prismatic  spectrum ;  and  found  their  power^ 
increasing,  while  their  refrangibility  was  lessened,  as  far  as 
to  the  confines  of  red-coloured  light.  But  their  diminishing 
"efrangibility,  and  increasing  power,  did  not  stop  herje ;  for 
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we  hssfe  pursued  them  a  considerable  waj  beyond  the  pris* 
inatic  spectrum,  into  an  invisible  state,  still  exerting  then^ 
increasing  enei^,  with  a  decrease  of  refrangibility  up  to  the 
maximum  of  their  power ;  and  have  also  traced  them  to  tiiat 
state  where,  though  still  less  refracted,  their  energy,  on 
account,  we  may  suppose,  of  their  now  failing  deosity,  de- 
creased pretty  fast ;  after-which,  the  invisible  thermometricai 
spectrum,  if  I  may  so  call  it,  soon  vanished. 

The  word  heat,  in  its  common  acceptation,  denotes  a  certain 
sensation  well  known  to  every  person.    I  cannot  be  misunder- 
stood as  meaning  that  these  rays  themselves  are  heat ;  nor  do 
I  in  any  respect  engage  myself  to  show  in  what  manner  they 
'  produce  heat 

From  what  has  been  said  it  follows,  that  any  objections 
timt  may  be  alleged,  from  the  supposed  i^ency  of  heat  in  other 
circumstances  than  in  its  state  of  radiance,  or  heat-maiing 
rays,  cannot  be  admitted  against  my  experiments.    For,  not- 
withstanding I  may  be  inclined  to  believe  that  all  phenomena 
in  which  heat  is  concerned,  such  as  the  expansion  of  bodies, 
fluidity,  congelation,  fermentation,  friction,  &c.  as  well  as 
heat  in  its  various  states  of  being  latent,  specific,  absolutOj  or 
sensible,  may  be  explained  on  the  principle  of  heat-maldng 
rays,  uid  vibrations  occasioned  by  them  in  the  parts  of  bodies ; 
yet  this  is  not  intended,  at  present,  to  be  any  part  of  what  I 
shall  endeavour  to  establish.    I  must  also  remark,  that  in 
using  the  word  rays,  I  do  not  mean  to  oppose,  much  less  to 
countenance,  the  opinion  of  those  philosophers  who   still 
beKeve  that  light  itself  comes  to  us  from  the  sun,  not  by  rajrs 
but  by  the  supposed  vibrations  of  an  elastic  ether,  every 
where  diffused  throughout  space;  I  only  claim  the  same 
privilege  for  the  rays  that  occasion  heat,  whidi  they  are 
willing  to  allow  to  those  that  iUuminate  objects.    For,  in  what 
<iiiianner  soever  this  radiance  may  be  effected,  it  will  be  folly 
proved  hereafter  that  the  evidence,  either  for  rays  or  for 
vibrations  which  occasion  heat,  stands  on  the  same  foundation 
on  which  tlie  radiance  of  the  illuminating  principle,  lights 
is  built. 

The  similar  propositions  relating  to  heat,  which  are  intended 
to  be  proved  in  this  paper,  will  stand  as  follow :  I.  Heat, 
both  solar  and  terrestrial,  is  a  sensation  occasioned  by  rajs 
^nanating  from  candent  substances,  which  have  a  power  of 
heating  bodies.  2.  These  rays  are  subject  to  the  laws  of 
reflection.  3.  They  are  also  subject  to  the  laws  of  refraction. 
4.  They  are  of  different  refrangibility.  5.  They  are  liable  to 
be  stopped,  in  certain  proportions,  when  transmitted  through 
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dia{^anQu«  bodies.  6^  They  are  liable  to  be  scattered  eti 
rough  surAces.  7*  They  may  be  supposed,  when  in  a  certain 
state  of  energy,  to  have  a  power  of  illuminating  objects ;  but 
this  remains  to  be  examined. 


#'• 
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In  the  view  of  the  apparatus,  1,  2,  3,  are  the  thermometers ; 
the  dotted  lines  are  from  the  prism  at  the  window ;  E  tho 
coloured  spectrum  thrown  on  die  table,  so  as  to  bring  the 
red  colour  near  the  bulbs  of  the  thermometers. 


Chemical  Experiments  on  Zoophytes ;  toith  some  ObservatiGftis 

on    the  component  Parts  of  Membrane,      By   Chahlbs 

Hatchett,  Esq.  jP.i?. /S— [1800.] 

By  the  experiments,  subsequently  related,  on  various  shells,^ 
^rustaceous  substances,  and  bones,  it  is  proved,  first.  That  the 
porcellaneous    sliells  resemble  the  enamel  of  tee^  in  the- 
mode  of  formation,  but  that  the  hardening  substance  is  car- 
bonate of  lime. 

2dly,  That  shells  composed  of  nacr)e  or  mother  of  pearl,  or 
approaching  to  die  nature  of  that  substance,  and  also  pearls, 
resemble  bone  in  a  considerable  degree,  as  they  consist  lyi  a 
gelatinous,  cartilaginous,- or  membranaceous  substance,  form- 
ing a  series  of  gradations,  from  a  tender  and  scarcely  per- 
ceptible jelly  to  membranes  completely  organised,  in  and  upon 
which  carbonate  of  lime  is  secreted  and  deposited,  after  the 
manner  that  phosphate  of  lime  is  in  the  bones ;  and,  therefore, 
as  the  porcellaneous  shells  resemble  the  enamel  of  teeth,  so 
the  shells  formed  of  mother  of  pearl,  dx.  in  like /manner  re* 
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«emUe  bone;  the  distinguishing  chemical  character  of  die 
shells  being  carbonate  of  lime,  and  that  of  enamel  and  bones 
being  phosphate  of  lime. 

Sdly,  It  is  pioved,  that  the  crust  which  covers  certain  marioe 
animals,  such  as  crabs,  lobsters,  crayfish,  and  prawns,  consists 
of  a  strong  cartilage,  hardened  by  a  mixture  of  carbonate  satd 
phosphate  of  lime ;  and  that  thus  these  crustaceous  bodies 
occupy  a  middle  place  between  shell  and  bone^  though  thej 
incline  principally  to  the  nature  of  shell. 

And,  4thly,  That  a  certain  portion  of  carbonate  of  lime 
enters  the  composition  of  bones  in  general ;  the  proportion  of 
it,  however,  being  to  the  phosphate  of  lime,  vice  vers&  to  that 
dbserved  in  the  crustaceous  marine  substances.  On  the  view, 
therefore,  of  these  facts,  it  is  evident,  that  there  is  a  great 
dknilarity  in  the  construction  of  shell  and  bone ;  and  that>there 
is  even  an  approximation  in  the  nature  of  their  compositioD» 
by  the  intermediate  crustaceous  substances. 

Many  species  of  sponge  were  examined,  but  as  little  or  no' 
essential  difference  was  found  in  the  results,  I  shall  include 
them  all  in  what  is  now  to  be  related.    When  digested  with 
boiling  distilled  water,  the   sponges  afforded  a  portion  of 
animal  jelly  or  gelatine,  which  was  precipitated  by  infusion  of 
oak  bark.  The  fine  and  more  flexible  sponges  yielded  gelatine 
in  greater  abundance,  and  more  easily,  than  those  which  were 
coarse  and  rigid.  The  gelatine  was  gradually  and  progressively 
imparted  to  die  water,  and  seems,  even  in  the  same  sponge,  to 
be  a  constituent  principle,  of  different  degrees  of  solubility ; 
and  it  must  be  noticed,  that  in  proportion  as  the  sponges, 
particularly  those  which  were  soft  and  flexible,  were  deprived 
of  this  substance,  in  the  like  proportion  they  became  less 
flexible  and  more  rigid,  so  that  tne  remaining  part,  when  dry, 
crumbled  between  the  fingers ;  or,  when  moist,  was  torn  easSy, 
like  wetted  paper.  As  the  above  properties  prove  that  enonges^ 
only  differ  n-om  the  homy  stems  of  the  gorgonise,  and  from 
the*  antipathes,  by.  being  of  a  finer  and  more  closely  woven 
texture,  so  this  similarity  will  be  corroborated  by  the  follow- 
ing remarks  :  When  exposed  to  heat,  they  yielded  the  same: 
products,  the  same  smell,  and  afforded  a  similar  coal,  which, 
by  incineration,  left  a  very  small  residuum,  consisting  chiefly - 
or  muriate-of  soda,  occasionally  mixed  with  some  carbonate 
tif  lime,  which  was  also  often  discovered  when  the  recent  - 
^Nmges  were  immersed  in  acids ;  but  this,  as  well  as  the 
muriate  of  soda,  is,  I  believe,  merely  extraneous,  and  arises 
from  small  shells,  parts  of  madrepores,  and  such  like  bodies; 
which  are  often  visibly  lodged  in  the  interstices  of  ^iie  * 
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sponges.  La9tl7,  the  sponges,  when  boiled  with  lixivium  of 
caustic  potash,  were  completely  dissolved,  and,  like  the  homy 
stems  of  the  gorgonise,  formed  animal  soap,  more  especially 
mrhen  the  part  which  is  apparently  insoluble  in  water,  and 
Dvhich  remains  afler  the  gelatine  has  been  separated,  was  thus 
treated.  '  ' 

When  the  component  'parts  of  shell  and  bone  are  con- 
sidered, it'  appears  that  the  essential  characteristics  are,  car- 
bonate of  lime  fcft  the  one,  and  phosphate  of  lime  for  the  other ; 
and  that  their  bases  consist  of  the  modifications  of  a  glutinous, 
,  gelatinous,  or  membranaceous  substance.  I  experienced 
much  gratification  in  tracing  the  progressive  and  connected 
dianges  in  the  composition  of  the  various  shells  and  bones  ; 
and  a  considerable  increase  of  plefasure  arose,  in  proportion  ac 
the  observations  made  on  those  bodies  were  corroborated,  and 
the  chain  of  connection  extended,  by  the  developement  of  the 
&cts  resulting  from  the  experiments  on  zoophytes,  which  form 
the  principal  subject  of  this  paper. 

*  It  will  now  be  proper  to  review  these  experiments,  and  la 
eicamine  how  far  they  agree  with  those  made  on  shell  and 
hone,  and  how  far  they  tend  to  prove,  that  these  substances 
are  aJl  of  a  nature  closely  connected.    The  experiments  on 
the  madrepores  afforded  the  following  results:  Madrepora 
virdnea,  when  examined  by  acids,  lefl  but  very  little  of  any 
'cebtinous  substance  or  membrane.    M.  muricata,  and  M. 
ubyrinthica,  afforded  'loose  portions  of  a  transparent  gelar 
ttnous  substance.    M.  ramca,  and  M.  fascicularis,  when  de- 
prived of  the  carbonate  of  lime  by  acids,  remained  in  the 
state  of  completely  organised  membranaceous  bodies,  whiciv 
exhibited  the  origmal  figure  of  the  respective  madrepores  ; 
and  the  proportion  of  coal  afforded  by  these  last  was  more 
abundant  tlian  what  was  obtained  from  those  which  were  first 
mentioned. 

'  To  these  succeeded  the  experiments  on  the  millepores  { 
from  which  it  appeared,  that  miUepora  cserulea  afforded  ]oo8€» 
detached  portions  of  a  gelatinous  substance.  M.  alcicomis 
yielded  the  same,  but  in  a  more  coherent  state.  M.  pobrr 
morpha  remained  unchanged  in  shape,  and  consisted  of^a 
strong  white  opaque  membrane,  filled  with  a  transparent  jelly. 
Lastly,  M.  ceUulosa,  M.  fascialis,  and  M.  truncata  afforded 
membranaceous  bodies,  in  a  complete  state  ^f  organisation  i 
and  all  these  miUepores,  when  exposed  to  a  low  red  heat, 
yielded  various  quantities  of  coal,  according  to  the  greater 
or  less  abundance  of  the  gelatinous  or  membranaceous 
auhstancet 
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The  universal,  and  only  hardening  princi{^e  of  these  madre- 
pores and  millepores,  was  proved  to  be  .carbonate  of  Imie, 
with  the  single  exception  of  millepora  polyowrphay  whi^  aiao 
appears  to  be  differently  conetnicted  from  the  other  milW- 
porae.  With  this  single  exception,.carboQate  of  lime  seems  to 
be  the  only  hardening  substance  in  these  bodies  ;  and  when 
every  circumstance  is  considered,  an  exact  sinodlarity  is  to  be 
found  between  the  substance  forming  the  various  shells,  and 
that  which  forms  the  madreporae  and  nuUeporse;  and  the  aattane 
of  these  bodies  is  so  completely  the  same^  that  the  changes  or 
gradations  of  the  one  are  to  be  found  in  the  other.  Ecnt  ibe 
chemical  characters  which  distinguish  the  porcellaneous  sheUs 
are  in  a  great  measure  approached  by  those  of  tnadrepoxa 
virginea ;  and  those  which  were  noticed  in  the  patellar  cor* 
respond  precisely  with  the  madrepores  and  millepores^  which 
afford  a  gelatmous  substance ;  and,  lastly,  the  characters -of  the 
membranaceous,  party  exhibited  by  the  shells  formed  of  nadre 
or  mother  of  pearl,  are,  in  .like  manner,  to  be  found  amo^g 
some  of  the  madrepores  and  millepores,  such  as  ma<hrepara 
ramea,  millepora  fascialis,  millepora  trimcata;  fee  these,  like 
the  turbo  olearius  and  haliotis  iris,  are  composed  of  a  fibrous- 
membrane,  hardened  by  carbonate  of  lime.  It  appear^ 
thereforei  that  the  madrepores  and  millepores,  like  the  various 
shells,  are  formed  of  a  gelatinous  or  membranaceous  sub- 
Stance^  hardened  by  carbonate  of  lime;  and  the  only  difference 
is  in  the  mode  according  to  which  these  materials  have  been 
eomloyed* 

,  From  what  has  been  said,  there  is  reason  to  conclude^  that 
the  varieties  of  bone,  shell,  coral,  and  the  numerous  tribe  of 
eoophytes  witli  which  the  last  are  connected,  only  diSer  m 
composition  by  the  nature  and  quantity  of  the  hardening  "or 
fissifying  prmciple,  and  by  the  state  of  the  substance  with 
i^hich  it  IS  mixed  or  connected.  For  the  gluten  or  jelly 
which  cements  the  particles  of  carbcmate  or  phosphate  -of 
lime,  and  the  membrane,  cartilage,  or  horny  substance,  whidi 
serves  as  a  basis,  in  and  on  which  the  ossifying  matter  is 
secreted  and  deposited,  seem  to  be  only  modifications  of  the 
same  substance,  which  progressively  graduates  from  a  viscid 
liquid  or  gluten,  into  that  gelatinous  substance  wliich  has  so 
ouen  been  noticed,  and  which  again,  by  increased  inspissatipn» 
and  by  the  various  and  more  or  less  perfect  degrees  of  di^ganic 
,arrangement,  forms  the  varieties  of  membrane,  cartili^ge, 
and  horn. 

I  have  had  frequent  occasion  to  remark,  that  a  quantity  of 
that  animal  jelly  which  is  more  or  less  soluble  in  water,  and 
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^whidh  18  distioguifliied  by  the  name  of  gdatine,  was  dbtmned 
from  many  of  th^  marine  bodies,  such  as  the  sponges,  the  > 
'  gorgoniae,  and  others.  As  the  quantities  of  gelatine  are  «d 
various,  so  the  properties  of  the  substances  in  which  it  ia 
present  as  a  component  part,  are  much  influenced  by  itt  and 
when,  for  example,  the  skins  of  different  animals  were  com*- 
pared,  I  have  always  found  that  the  most  flexible  sldnv 
afforded  gelatine  more  easily,  and  of  a  less  viscid  quality,  than 
those  which  were  less  flexible,  and  of  a  more  horny  con-i 
sistency.  When  hak  of  various  qualities,  and  taken  from  dif* 
dferent  animals,  was  long  digested  or  boOed  with  distilled 
water,  it  imparted  to  the  water  a  small  portion  of  gelatine, 
which  was  precipitated  by  the  tanning  pinciple,  and  by  nitro-^ 
muriate  of  tin  ;  fmd  when  the  hair  Imd  been  thus  deprived  of 

gelatine,  and  was  subsequently  dried  in  the  air,  the  original 
exibility  i^  elasticity  of  it- were  found  to  be  mudi  dudh 
nishc^d,  so  that  it  etmy  gav^^  way,  and  was  broken.  This 
^ect  Mn  Adiard  has  also  noticed*  Feather,  digested  in 
boiling  distilled  water,  during  10  or  12  days,  did  not  afford 
any  appearance  of  gelatine  by  the  test  .of  the  tanning  principle; 
but  aitro-muriate  of  tin  produced  a  faint  white  cloud.  The 
jMune  was  observed  when  quill  was  thus  examined.  Shav* 
ing8  and  pieces  of  the  horns  of  different  animals  were  next 
sul^ected  to  experiment,  and  aU  afforded  smalt  quantities  of 
gelatine. 

Gelatine,  accordmgto  its  quantity  and  quality,  has  a  pow^ 
erful  influence  on  some  of  the  physical  and  chemical  proper* 
ties  of  the  bodies  in  which  it  is  present :  by  these  propertiei^ 
I  mean  flexibility,  elasticity,  and  putreseibility.  So  much  has 
been  said  already,  in  various  parts  of  this  paper,  tending  to 
prove  how  much  the  degrees  of  flexibility  and  elasticity,  in 
various  animal  substances,  depend  on  their  gdatinous  part, 
jthat  little  need  be  added;  and  when  it  is  considered  thaC 
bodies,  such  as  muscular  fibre,  membrane,  sponge,  hair,  and 
cuticle,  being  deprived  of  gelatine,  and  dried  in  the  air,  be- 
come rigid  and  brittle,  no  dpubt  can  be  entertained  but  that 
this  arises  froth  the  loss  of  the  gelatinous  substance ;  and,  aa 
an  additional  proof,  when  bodies,  such  as  nail,  feather,  quiii, 
and  tortoise-shell,  which  contain  little  or  no  gelatine,  are  long 
boiled,  and  then  dried  in  th^  air,  like  the  former,  tiliey  ar9 
found  to  have  suffered  scarcely  any  alteration  in  their  re« 
spective  degrees  of  flexibility  and  elasticity.  As  to  putre« 
faction,  it  is  obvious  to  every  one,  that  certain  parts  of 
animals  are  much  more  susceptible  of  it  than  others;  and 
that  when  the  carcass  of  an  animal  begins  to  nutrefy,  the 

Digitized  by  VjOOQ  FC 


578  OF  YABBOUS   AHIMAL  SITffiBTAKCBS. 

iBMtt  lunnid  and  flexible  purU  are  alwaysiirBt  aflected.  Tliiia, 
the  Titcera/  muscles,  and  cutis,  soon  vqSSq\  a  change  ;  while 
hanv  feather,  scale,  horn,  hoof,  and  nail,  r^ain  unclumged, 
ages  after  th^  former  have  decomposed ;  and  diis  is  evidendy 
ttnsed  bj  the  gelatine  and  moisture,  which  are  combined  ia 
the  former,  and  not  in  the  latter,  at  least  in  any  notable 
quantitj* 

Crelatine,  albumen,  and  muscular  fibre,  not  only  differ  veiy 
much  from  each  other  by  the  relative  quantity  of  their  aidme 
ift  earthy  residua,,but  als6  by  the  proportion  of  one  of  thev 
eaaeadal  and  elementary  principles,  namely,  carbcm.      500 
grains  of  isinglass,  made  perfectly  dry  by  distillation,  yielded 
56  grains  of  coal,  from  which,  L50  grains  of  earthy  residuum, 
obluned  by  incineration,  being  deducted,  the  proportion  of 
coal  appears  to  have  been  54<50  grains.     5§0  grains  of  dry 
albumen  afforded  74.50  grains ;  imd  as  the  saline  residuum  . 
amounted  td^  11.85  grains,  the  quantity  of  mere  coal  was 
63.il5  grains.     500  grains  of  tortoise-shell  yielded  80  grains 
of  coal;  from  which  three  grains  of  earthy  matter  being  de- 
dueted,  77  grains  remain  for  the  proportion  of  coal.     And 
500  grains  of  the  dry  prepared  muscular  fibre  of  beef,  when 
dbtilled,  left  106  grains  of  coal,  which,  by  incineration,  'af- 
ftrrded  25.60  grains  of  earthy  residuum ;  the  coal  may  there- 
fi>re  be  estimated  at  89.40  grains.  There  appears  itauch  reason, 
therefore,  to  believe,  that  the  gelatinous  substances  and  toxA^ 
Cblar  fibre,  dtflfer  fhim  simple  and  unorganised  albumen,  by  a 
^minution  of  the  carbonic  prinpiple  in  tlie  one,  and  by  an 
excess  of  it  in  the  other ;  and  as,  in  vegetables,  the  fibrous 
part  is  that  which  contains  the  largest  proportion  of  carbon, 
80  in  respect  to  the  other  animal  substances,  muscular  ffl[)re 
iq>pears  to  contain  the  greatest  quantity  of  it. 

As  the  three  prbcipal  and  essential  component  parts  of  die 
blood,  viz.  albumen,  gelatine,  and  fibre,  appear  therefore  to 
compose  the  various  parts  of  animals,  in  such  a  manner  that 
one,  being  predominant,  influences  the  nature  of  that  part  of 
the  animal  which  it  is  principally  employed  to  form;  and  as  al- 
bumen, gelatine,  and  fibre,  by  relative  proportion*by  the  degrees 
of  density,  by  the  effects  of  organisation,  which,  singly  or 
conjointly  the^  have  experienced,  by  the  texture  of  the  anirail 
snbstance  which  they,  as  materials,  and  thus  modified,  Have 
concurred  to  produce,  and  by  the  proportion  of  natural  or  in- 
herent moisture,  peculiar  to  each  part  of  different  animal^, 
present  an  immense  series  of  compHcated  causes ;  so  are  the 
effects  found  to  be  no  less  numerous  and  diversified,  by  this 
infinite  variety  in  texture,  flexibility,  elasticity,  and  the  mapy 
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Other  properties,  peculiar  to  the  various  parts  which  compOMr 
the  bodies  of  aninials.  .  .        ' 

The  whole  of*  the  blood,  which  by  anatomists  is  divided 
into  serum,  red  globules,  and  coagulating  lymph,  when  c^e* 
mically  examined,  is  found  to  consist  of  albumen,  gelatine,  and 
fibre.  The  serum  which  remains  liquid  after  the  coagidati^m 
of  the  blood,  is  composed  of  albumen,  gelatine,  some  saline 
matter,  and  much  water.  The  dot,  or  crassamentum,  also 
affords,  by  repeated  washing,  a  large  proportion  of  albumen 
and  gelatine  ;  after  which  a  substance  remains,.in  appeara&fse 
very  analogous  to  muscular  fibre,  excepting  that  is  in  a  mofe 
attenuated  state.  This  substance,  called  fibrin  by  chemists, 
may  be  regarded  as  that  part  of  the  blood  which  has  under-; 
gone  the  most  complete  animalisation  ;  and  from  whidi  the 
muscular  fibre  and  other  organs  of  the  body  are  formed. 


Exp^ments  on  ike  Ascent  of  ike  Sap  in  Trees,  By  Mr. 
KmoHT,  —  [1802.] 

Eari^y  in. the  spring  of  1799,  he  selected  a  numbar.of 
young  trees  of  different  kinds,  and  made  circular  incisioad 
round  one-half  of  them,  scraping  off  the  external  coat  of  the 
wood,  the  other  half  being  lefl  in  their  natural  state.  On*  tiie 
ascent  of  the  sap  they  all  shot  with  equal  luxuriance,  but  that 
part  of  the  stems  which  was  below  the  incisions  had  s^swcd^ 
any  growth,  while  the  parts  o&otw  increased  as  ra{»dly  as  in 
^  trees  the  bark  of  which  had  remained  untouched. 

From  these  experiments,  varied  in  every  way  that  occurred* 
to  him,  Mr.  Knight  feels  himself  justified  in  concluding,  that 
the  current  of  sap,  Vhich  adds  to  the  annual  layer  of  wood' 
in  the  stem,  descends  through  the  bark^  from  the  young 
branches  and  leaves. 


Observations  by  Dr.  HESscHELi  mth  a  view  of  investigatiny 
the  Nature  of  the  Suny  Sfc.  —[1802.] 

It  appears  that  this  body  has  a  planetary  atmospheres^ 
which  extends  to  a  great  height,  and  is  of  great  density; 
that,  like  ours,  it  is  subject  to  agitations,  and  is  transparent,^ 
yikis  astronomer  thinks  that  solar  observations  may  hereafter 
be  rendered  as  profitable  to  mankind  as  the  Nilometer  is  to- 
the  Egyptians,  and  that,  by  certain  indications,  we  may  be^ 
able  to  predict  the  temperature  of  approaching  seasons.  He 
supposes  it  probable  that  there  may  be  a  certain  connection 
between  the  price  of  com,  or  rather  the  abundance  and  scan- 
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tinew  o£  harvest,  nnd  the  number  of  spots  on  the  ftu&*s 
surface. 

In  proof  of  this  he  has  given  a  statement  of  the  prices  of 
wtait,  and  the  spots  on  the  sun's  disk,  during  five  remarkable 
periods  between  1650  and  1713.  He  considers  the  sun's 
spots  to  be  Sjnnptoms  of  a  copious  emission  of  light  and  heat  ; 
and  that  in  {m>portion  as  their  number  is  greater  or  less^  may 
be  expected  more  or  less  abundant  crops  of  com. 

In  a  second  paper  on  the  same  subject.  Dr.  Herschel  pro- 
poses thennometrical  observations,  as  a  future  criterion  of  a 
de^tive  or  copious  emission  of  the  solar  rays.  He  suspects 
that  one  half  of  the  sun  is  less  favourable  to  a  copious 
emisnon  of  nyn  than  the  other ;  and  that  its  variable  lustre 
tumy  possibly  appear,  to  other  solar  systems,  as  irregular 
periouical  stars  are  seen  by  us. 


J^qierHHenis  en  the  Liffhi  which  is  sptmmneouify  emitted  fixm 

various  Bodies,  and  on  Solar  Light.    By  Dr.  Hulmb. 

It  appears,  from  the  first  series,  that  objects,  as  fish,  which 
abound  with  spontaneous  light  in  a  latent  state,  do  not  emit 
ity  when  deprived  of  life,  but  from  such  parts  as  have  been 
some  time  in  contact  with  the  air,  and  that  a  blast  from 
bellows  does  not  increase  this  species  of  light,  as  it  does  that 
whioh  proceeds  fWmi  combustion. 

From  a  second  series  it  appears,  that  oxygen  gas  does  not 
act  upon  this  light,  so  as  to  render  it  more  vivid  than  it  is  in 
atmospherioal  air. 

^rom  the  third  series^  it  is  deserving  of  remark,  that  azotic 

SI  is  favourftble  to  the  spontaneous  light  emitted  firom  fishes, 
t  extinguishes  that  proceeding  from  rotten  wood. 

From  the  fourth  and  fiflh  it  appears,  that  hydrogen  and 
carbonic  add  gases  prevent  the  emission  of  spontaneous 
light,  and  extinguish  it  when  emitted. 

Hie-next  three  series  of  experiments  show,  that  sulphurated 
hydrogen  gas  extinguishes  spontaneous  light  sooner  than 
carbonic  acid  gaff ;  that  nitrous  gas  prevents  the  emission  of 
light,  and  extinguishes  that  which  is  emitted,  and  that  it  is 
completely  extinguished  in  a  vacuum. 

Rrom  some  other  experinfients  it  appears,  that  solar  2igfat» 
when  imbibed  by  Cantcm-s  phosphorus,  is  subject  to  the 
same  laws,  with  respect  to  heat  and  cold,  as  the  spontaneous 
light  o^fishei^  rotten  wood,  and  glow-worms. 
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On  the  Theory  of  Light  and  Colours.    By  Dr,  Young* 
The  three  essential  hypotheses  noticed  by  Dr.  Young,  and 
considered  by  him  literally  as  parts  of  the  more  complicated 
Neivtonian  system,  are, 

1.  That  a  luminiferous  ether  pervades  the  universe,  rare 
and  elastic  in  a  high  degree. 

2.  That  undulations  are  excited  in  this  ether  whenever  a 
body  becomes  luminous ;  and, 

S.  That  the  sensation  of  different  colours  depends  on 
the  different  frequency  of  vibrations  excited  by  light  in  the 
retina. 

The  fourth  hypothesis,  viz.  That  all  material  bodies  have- 
an  attraction  for  the  ethereal  medium,  by  means  of  which  it 
is  accumulated  within  their  substance,  and  for  a  small  dis- 
tance around  them,  in  a  state  of  greater  density,  but  not  of 
greater  elasticity,  is  diametrically  opposite  to  that  of  New- 
ton, but  considered  by  Dr.  Young  as  the  most  simple  and 
best  capaUe  of  explaining  the  phenomena. 


Experiments  and  Observaikms  on  certain  Stony  SvbstanceSj 
which  at  dijH^reftt  Times  are  said  to  have  fallen  on  the  Ear&u. 
By  Luke  Howard,  Esq.  —  [  1 802.] 

We  have  here  historical  accounts  of  all  those  facts  on  the 
subject  which  seem  to  be  well  authenticated.  Particular 
mention  is  made  of  one  that  fell  in  Portugal  in  1796;  of 
about  a  dozen  that  fell  at  Sienna  in  July,  1794;  of  one  that 
weighed  56  lbs.  that  fell  in  December,  1795,  near  Wold-cot- 
ti^e,  in  Yorkshire:  and  of  others  diat  fell  in  1798,  near 
Benares,  in  the  East  Indies. 

We  have  then  a  mineralogical  description  of  these  various 
stones,  liy  the  Count  de  Bonmon ;  afler  which,  Mr.  Howard 
proceeds  to  consider  the  assistance  to  be  derived  from  the 
science  of  dbemistry,  in  distinguishing  them  from  all  othar 
known  substances,  and  in  establishing  the  assertion  that  they 
have  fallen  on  the  earth. 

Count  de  Bournon's  description  of  native  iron,  and  Mr. 
Howard's  examination  of  specimens  of  iron  from  South 
America,  Bohemia,  and  Senegal,  follow  in  succession;  from 
which  the  author,  instead  of  drawing  any  conclusions,  pro- 
poses the  following  queries :  — > 

1.  Have  not  aS  faUen  stones,  and  what  are  called  native 
irons,  the  same  origm? 

2.  Are  all  or  any,  the  produce,  or  the  bodies  of  meteors? 
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3.  Might  not  tlie  stone  from  Yorkshire  have  formed  a 
meteor  in  regions  too  elevated  to  be  discovered? 


On  the  Construction  of  the  Heavens.  ByDr,  Mebscbsu 
>  Dr.  H.  has  taken  a  very  enlarged  view  of  the  sidereal  bo- 
dies of  the  miiverse ;  and  has  enumerated  a  great  diversity  cf 
parts  that  enter  into  the  construction  of  the  heavens.  '^The  &st 
species  are  insulated  stars,  such  as  the  author  considers  our 
sun,  and  all  the  brightest  stars,  which  he  supposes  are  nearlj 
out  of  the  reach  of  mutual  gravitations ;  for,  stating  the  an- 
nual parallax  of  Sirius  at  T',  he  calculates  that  Sirius  and  the 
sun,  if  left  alone,  would  be  33,000,000  of  years  in  falling 
together,  and  tliat  the  action  of  the  stars  in  the  miU^  way, 
as  well  as  others,  would  tend  to  protract  this  time  mudi 
more. 

He  conjectures  that  insulated  stars  alone  are  surrounded 
with  planets.  With  respect  to  double  stars,  he  thinks  that 
they  preserve  their  relative  distances  by  a  periodical  revolu- 
tion roimd  a  common  centre.  The  same  theory  he  applies 
to  triple,  quadruple,  and  multiple  systems  of  stars ;  and  pur- 
sues his  conjectures  still  farther  to  clusters  and  groups  of 
stars,  as  well  as  to  the  nebulae,  some  of  which  he  thinks  may 
be  so  distant,  as  for  the  rays  of  light  to  take  2,000,000  of 
years  in  travelling  from  them  to  our  system. 


Aocaunt  of  some  cases  of  the  prodtictien  of  Colours  not  hUherto 
described.    By  Dr.  Foitj^tg.  —  [1803.] 

His  method  of  accounting  for  atmospherical  haloes  is  as 
follows :  When  a  number  of  fibres  of  the  same  kind,  for  instance 
a  uniform  lock  of  wool,  is  held  near  the  eye,  we  see  an  appear- 
ance  of  haloes  surrounding  a  distant  candle ;  but  their  brilliancy, 
and  even  their  existence,  depends  on  the  uniformity  of  the 
dimensions  of  the  fibres,  and  they  are  larger  as  the  fibres  are 
smaller.  It  is  obvious  that  they  are  the  immediate  conse- 
quences of  the  coincidence  of  a  nunu}er  of  fringes  of  the  same 
size ;  which,  as  the  fibres  are  arranged  in  all  imaginable  direc- 
tions, must  necessarily  surround  the  luminous  object  at  equal 
distances  on  all  sides,  and  constitute  circular  fi-inges. 

There  can  be  little  doubt  that  the  coloured  atmospherical 
haloes  are  of  the  same  kind ;  their  appearance  must  depend  on 
the  existence  of  a  number  of  partigfes  of  water,  of  equal  di- 
mensions, and  in  a  proper  position  with  respect  to  the  luminary 
and  the  eye.     As  there  is  no  natural  limit  to  the  magnitude 
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i$f  ^^  spherules  of  wat^,  we  may  expect  these  haloes  to  vary 
without  limit  in  their  diamet^s ;  and  it  haa  been  observed  not 
only  that  their  dimensions  are  various,  but  that  they  frequently 
chtuige  during  the  time  of  observation. 


A  Catalogtte  qf  500  new  Nehdm^  Nebulous  Stars,  Planetary 
-  NelmkBy  and  Clusters  cf  Stars,  with  Hemarksan  the  Constmcr 
Hon  cf^  Heavens*    By  Dr.  Herscuel,  —  [1803.] 

In  dividing  the  different  parts  of  which  the  atdereal  heavens 
itfe  composed  in  proper  classes,  Dr.  Herscbel  is  obliged  to 
examine  the  nature  of  the  various  celestial  objects  that  have 
been  hitherto  discovered,  hi  order  to  arrange  them  in  a  man- 
lier most  conformable  to  their  construction.  He  first  treats 
of  insulated  stars.  It  might  be  expected  that  the  solar  system 
would  stand  foremost  in  the  list,  whereas^  by  treating  of  ki- 
siilated  stars,  we  seem,  as  it  were,  to  overlook  one  of  the  great 
component  parts  of  the  universe.  It  will,  however,  appear  that 
this  very  system,  magnificent  as  it  is,  can  only  rank  as  a  single 
individual  belonging  to  the  species  whicl^  we  are  going  to 
consider. 

By  callitig  a  star  insulated,.  Dr.  Herschel  does  not  mean  to. 
denote  its  being  totally  unconnected  with  all  oliher  stars  or 
systems  ;  but  when  stars  are  situated  at  such  immense  dis- 
stances  iVom  each  other  as  our  Sun,  Arcturus,  Capella,  Lyra, 
Sirius,  and  numberless  others,  we  think  that  we  may  look 
upOi!b  them  as  43u€Seiently  out  of  the  reach  of  mutual  attract 
tions,  to  deserve  the  name  of  insulated  stars.  For  it  is  as« 
certaiiied  by  computation  that,  supposing  the  earth's  orbit, 
as^  is  highly  probable,  does  not  subtend  more  than  an  angle  of 
one  second  of  a  degree,  when  seen  from  Sirius,  then  the  Sun 
and  Sirius,  if  the  masses  are  equal,  would  not  ^  together  ia  . 
less  than  thirty-three  millions  of  years,  even  though  they 
were  not  impeded  by  many  contrary  attractions  of  o^r 
neighbouring  insulated  stars.  A  star  thus  situftted  may  car^ 
tainly  deserve  to  be  called  insulated,  and  of  this  kind .  our 
Sun  is  probably  one. 

From  the  detached  situation  of  insulated  stars,  it  appears 
that  they  are  capable  of  being  centres  of  e^ttensive  planetary 
systems ;  and  from  analogy  we  may  mippose,  that  every  one^of 
them  is  attended  with  planets^  satellites,  and  numerous  comets ; 
though  there  is  good  reason  for  believing  that  we  essx  only 
look  for  solar  systems  among  insulated  stars. 

The  next  part  of  the  construction  jof  the  heavens,  is  the 
union  .of  two  stars,  that  are  formed  together  into  one  system^ 
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*^y  the  laws  of  attraction :  these  he  denominatea  Mwy 
jndereai  sysienu^  or  doubh  stars*  If  a  star  be  situated  at  aaj 
distance  behind  another^  and  but  little  deviating  from  the  line 
in  which  the  first  is  seen,  there  would  be  the  appearance  of  a 
double  star,  but  they  would  not  form  a  binary  system.  If, 
however*  two  stars  should  be  really  situated  near  eacb  other, 
""and  at  the  same  time  so  far  insulated  as  not  to  be  materia^ 
*^&ffected  by  die  attractions  of  neighbouring  stars,  they  wiU 
then  compose  a  separate  system,  and  remain  united  by  the 
bond  of  their  mutual  gravitation  towards  each  other.  This 
should  be  called  a  real  double  star ;  and  any  two  stars  that 
are  thos  mutually  connected,  form  a  binary  sidereal  system. 
•  Dr.  Herschel  then  proceeds  to  triple^  (pwdrupUy  guinit^ 
and  multiple  stars^  and  shows,  first,  that  three  stars  may  be 
cpreserved  in  a  permanent  connection,  by  revolving  in  proper 
orbits  about  a  common  centre  of  motion.  Having  demoq- 
:strated  the  fact,  he  says,  if  we  admit  of  triple  stars*  we  ca^i 
have  no  reason  to  oppose  more  complicated  connections. 

In  answering  the  objection  which  may  be  made,  that  pos- 
sibly all  this  sort  of  reasoning  may  be  useless  and  fanciful,  he 
says,  such  combinations  as  I  have  mentioned  are  not  the  in- 
.ve&tions  of  fancy :  they  have  an  actual  existence,  and  I  could 
point  them  out  by  thousands.  Theie  is  not  a  single  ni^t, 
^hen,  in  passing  over  the  zones  of  the  heavens,  by  sweepings 
I  do  not  meet  with  numerous  collections  of  double,  triple^ 
quadruple,  quintuple,  and  multiple  stars,  apparently  insu- 
lated from  other  groups,  and  probably  joined  in  some  smaB 
sidereal  system  of  their  own. 

In  treating  o£  clustering  stars,  and  the  milky  way.  Dr.  Her- 
schel says,  that  the  stars  of  which  the  milky  way  is  composed 
are  very  unequally  scattered,  and  show  evident  marks  of  clus- 
terkig  together  into  many  separate  allotments.  Thus  in  die 
space  between  fi  and  y  Cygni,  the  stars  are  seen  dustering 
together  towards  two  difierent  regions ;  and,  taking  die  average 
breaddi  in  this  space  about  five  degrees,  it  contains  more 
than  331,000  stars,  and,  admitdng  them  to  be  clustering  two 
different  ways,  there  will  be  165,000  for  each  clustering  col- 
lection ;  this  name  the  milky  appearances  certainly  deserve, 
as  they  are  brighter  about  the  middle,  and  hunter  near  their 
undefined  borders  ^  and  that  the  brightness  of  the  milky  way 
arises  only  from  stars,  is  evident,  since  their  compression  in- 
creases in  proportion  to  die  brightness  of  tlie  millgr  wa^« 

From  clustering  stars  there  is  but  a  short  transition  to 
gfdups  of  stars,  which  is  Dr.  HerscheFs  5th  division.     A 
group  b  a  coUecdon  of  closely,  and  almost  equally,  corn- 
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pressed  stars,  of  any  figure*  or  ontlhie,  suffidehtly  8e|iara€ltt 
from  iteigldtouring  stars  to  show  that  it  makes  a  peculiar  Bf^*- 
tern  of  its  own. 

,  Oi  clusters  of  stars,  which  are  most  magnificent  objects  to 
be  seen  in  the  heavens :  —  their  form  is  generally  round,  and 
the  compression  of  the  stars  shows  a  gradual  and  pretty 
^udden  accumulation  towards  a  centre,  the  existence  of  whida 
cannot  be  doubted,  either  in  a  state  of  real  solidly,  or  in  that 
of  an  empty  space,  possessed  of  an  hypothetical  rorce,  arising 
from  the  joint  exertion  of  the  numerous  stars  that  enter  into 
the  composition  of  the  cluster. 

N^uke,  which,  on  account  of  their  great  distances,  can 
only  be  seen  by  instruments  of  gre^it  space-penetrating  power, 
^hese  Dr.  Herschel  thinks  may  all  be  resolved  into  the  difee 
^last  mentioned  species,  which,  at  certain  immense  dtstanojes, 
will  put  on  the  appearance  of  nebulae.  Nebulae  are  objects 
that  may  be  perceived  at  the  greatest  distance,  but  only  with 
9,  telescope  of  great  power,  which,  says  the  astronomer,  has 
not  only  a  power  of  penetrating  into  space,^  but  a  power  also  Of 
penetrating  into  time  past.  To  explain  thisj  i^e  are  remitlded» 
that  when  wie  look  upon  Slrius,  the  rays  that  enter  tiie  eye 
cannot  have  been  less  than  six  years  and  four  months  and  a 
half  coming  from  that  star  to  the  observer.  Hence  it  follows, 
that  when  we  see  an'oliject  of  the  calculated  distance  at  which 
one  of  these  remote  nebulae  may  be  perceived,  the  rays  of 
light  which  convey  its  image  to  Uie  eye  must  have  been  more 
^han  1,910,000  years  on  tiieir  way ;  and  that  consequently 
80  many  years  ago  this  object  must  already  have  had  an  ex- 
istence in  the  sidereal  heavens,  in  order  to  send  out  those  rays 
by  which  we  now  perceive  it. 

Of  stars  ioi^  burs. — These  may  be  a  real  cluster  of  stars, 
thie 'whole  light  of  which  is  gathered  so  nearly  into  one  point, 
as  to' leave  but  just  enough  of  the  light  of  the  cluster  visible 
to  produce  die  appearance  of  burs.  ' 

The  phenomenon  oimUky  nebulosity  is  probably  of  two  kinds ; 
one  of  them  deceptive,  namely,  such  as  arises  from  widely-ex- 
tended regions  of  closely-connected  clustering  stars,  c<m* 
t^uous  to  each  other,  like  the  collections  that  construct  our 
milky  way;  the  other  being  real,  and  possibly  at  no  very 
\great  distance  from  us  ;  Jl)ut  of  its  nature  Dr.  Herschel  does 
not  presume  to  speak. 

The  nature  of  nebulous  stars  is  enveloped  in  much  obscurity, 
jmd  will  probably,  according  to  our  astronomer,  require  ages 
'^of  observations  before  we  can  form  a  proper  estimate  of  their 
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oonditioii.  There  is  no  doubt  ^  the  9Mtj  natore  of  die 
ceotral  point ;  but  the  great  distance  of  such  stsra  x^ndeis 
the  real  extent  of  the  surrounding  nebulosity  a  'SurprisiBg 
phttiomenoo,  wluch»  in  other  circumstance^  might  be  uatipated 
to  an  atmosphere. 


JEiq)erimen^  and  Observatious  an  the  various  Allays^  on  tin 

^ecific  Gravity  and  on  the  comparatwe  Wear  of  GokL 

JBy  Mr.  Hatcubtt.-^  [1803.] 

The  first  series  of  experiments  was  intended  to  examine 
the  effects  which  various  metals  prodiKse  upon  gold,  when 
combined  with  it  in  given  proportions,  beginning^  with  one 
twelfth,  which  is  the  standard  proportion  of  aUojr,  and  gra- 
duaHly  decreasing  to  ^-^^  part  of  the  mass*  The  result 
drawn  from  these  experiments  were,  that,  fine  gold  alloi^ 
with  silver,  with  copper,  and  witib  tin^  did  not  sufier  any  loss 
during  the  experiment  That  gold  alloyed  with  lead  only, 
lost  &ree  grains,  chiefly  by  vitrification ;  with  iron  ft  lost  12 
grains,  which  formed  scoria ;  with  bismuth  it  lost  also  12 
grains,  chiefly  by  vitrification ;  with  antimony  it  lost  l^e  sam^ 
quantity,  partly  by  volatilisation,  and  partly  by  vitrification} 
with  zinc  it  lost  a  penny-weiglit  by  vdatilisation  ;  and  with 
arsenic  it  not  only  lost  the  wlwle  quantity  of  alloy,  but  also 
two  grains  of  tlte  gold,  which  were  carried  off  in  consequence 
of  tl^  rapid  volatSisation  of  the  arsenic^ 

Hence  it  is  likewise  inferred,  that  only  two  of  the  metals 
are  proper  fw  the  alloy  of  gold  com,  namely,  silver  and  cop- 
per ;  as  all  the  others  either  considerably  alter  die  colour  or. 
diminish  the  ductility  of  gold. 

It  is  well  known  thaft  the  ^ecific  ^vity  of  an  alloyed 
metal  is  seldom  that,  which,  by  calculatmg  the  specific  gravis 
ties  and  proportions  of  the  different  metals,  would  be  t^  re- 
sult ;  but  it  is  greater  or  less  than  it  ought  to  be  according 
to  calculation. 

It  spears  that  the  specific  gravity  of  gold  alloyed  with 
different  metals,  is  not  (»ly  very  different  to  what  it  oi^ht  to 
be,  according  to  calculations- made  on  the  relative  proper* 
tions  and  specific  gravity  of  the  alloy,  but  that  it  is  abo  subr 
ject  to  many  variations,  partly  occasioned  l»r  peculiar  effects, 
produced  by  certain  proportions  of  some  or  the  meta]%  «ad 
partly  by  effects  peculiar  to  certain  compound  alloys ;  so  that^ 
by  the  proportions  of  certain  metals,  smd  by  the  combination 
of  these  with  others,  an  immense  complicated  series  of  alter- 
ations in  specific  gravity  are  fHroduced,  which  have  not  been 
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investigated  by  those  philosoplierft  who  have  written  on  the 
specific  gravity  €^  metals. 

As  general  results  of  each  part  of  this  enquiryy  it  may  be 
observed,  tiiat  the  experiments  on  the  various  tHHvyB  a£ 
standard  gold  concur  with  established  practice  and  opinion 
to  prove,  Uiat  only  two  of  the  metals,  viz.  silver  and  copper, 
are  proper  to  be  emplo3red  in  the  reduction  of  fine  gold  to 
standard,  for  the  purpose  of  coin  :  that  numerous  causes  in* 
fluence  the  specific  gravity  of  metals  ;  in  some  cases  metals 
added  to  others  produce  a  contraction  in  the  bulk  of  the  mass, 
or  an  increase  of  specific  gravity,  but  in  others  the  effects. pro- 
duced are  exactly  the  reverse:  that  gold  of  moderate  ductility 
is  the  best  adapted  to  the  purpose  of  coin,  and  that  the  refd 
wear  of  such  coin  is  very  slowly  'effected ;  so  that  a  long 
period  of  time  must  elapse  before  any  considerable  diminii- 
tion  in  weight  can  be  perceived. 


ObserwOiom  on  the  Stntdnre  of  the  Tongue,     By  Mr. 
Ev^RARD  Home.  —  [1804.] 

A  GENTLEMAN,  by  accident,  had  his  tongue  bitten  with 
^reat  violence,  which  occasioned  great  local  pain,  and  the 
point  of  it  lost  its  sensibilitjr,.  and  was  deprived  of  the  power 
of  taste.  It  was  like  a  piece  of  board  in  his  mouth,  Wiiich 
rendered  the  act  of  eating  a  very  unpleasant  operation.  From 
this  case,  Mr.  Home  concludes,  that  the  tongue  itself  is  not 
particularly  irritable;  but  the  nerves  passing  through  ikie 
substance  to  supply  the  tip,  which  forms  the  organs  of  taste, 
are  very  readily  deprived  of  their  natural  action,  which,  pro- 
faiably,  arises  from  their  being  softer  in  texture  than  nerves  in 
g(eneral>  and,  in  that  respect,  resembling  those  belonging  to 
the  other  organs  of  sense. 

Another  curious  circumstance  is,  that  a  bruise  upon  the 
nerves  of  the  tongue,  sufficient  to  deprive  them  of  the  power 
of  communicating  sensation,  was  productive  of  no  ihfiamma- 
tion  or  irritation  in  the  nervous  trunk ;  from  which  it  is  in- 
i^rred,  that  the  i^erves  supplying  an  organ  of  sense  are  not 
so  liable  to  such  effects  as  those  which  belong  to  the  other 
parts  of  the  body.  Hence,  in  several  cases  of  tumours  of  the 
size  of  a  pea,  Mr.  Home  has  successfully  taken  away  that 
portion  of  the  tongue  upon  which  they  grew,  by  means  of  a 
needle  armed  with  a  double  ligature. 

Frqm  these  cases  Mr.  Home  concludes,  that  the  tongue  is 
less  irritable  than  almost  any  other  organised  part  d[  the 
body ;  therefore  the  peculiar  substance  which  is  interposed 
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betnreen  the  fasdcuti  of  its  miiscolar   ibrcBy  is  not  in  anj^ 
respect  connected  with  the  nerves  which  pass  through  its 
suhBtanc^  to  the  organ  of  taste,  but  is  merely  a  soft  medium, 
to  admit  ci  great  fi^ilitj  of  action  in  its  d^rent  parts. 


Account  of  the  Meamrement  of  an  Are  rf^  Maridiany  et^ 

tending  from  DunmogCy  in  Ae  Isle  of  Wtghty  ItfHiude  SOP 

Sr  S"  to  mjtony  in  Yorkshire,  latitude  5S°  27'  SI''  carried 

on  in  (he  Years  1800,  1801,  and  1802.    Bif  Mr^MuDQE. 

DuNMOSB  being  fixed  on,  his  otject  was  to  cany  on  the 

triangles  as  nearly  as  possible  in  the  direction  of  its  mericBan, 

selecting  the  stations,  so  that  their  sides  might  be  properly 

inclined  to  it,  and  of  sufficient  length.    The  northern  station 

was  to  be  brought  as  near  the  mendian  of  the  southern  one 

as  possible,  and  likewise  in  the  neighbourhood  of  some  open 

spot  of  ground,  proper  for  the  measurement  of  a  base  of' 

ver^cation.     A  station  having  these  advantages  was  found 

pear  Clifton,  a  small  village  in  the  vidnity  of  Doncaisrtiery  and 

a  level  of  sufficient  extent  for  a  base,  on  Misterton  Carr,  in 

the  northern  part  of  Lincolnshire.    At  Clifton  the  direction 

c^  the  meridian  was  obtained  from  numerous  observationa  oa 

the  polar  star,  at  the  times  of  its  greatest  eastern  and  western 

elongations  from  the  meridian. 

From  this  measurement  it  appears,  that  the  length  of  a 
degree  on  the  meridian  m  latitude  52*^2'  20^  is  60,820  &thoms» 
supposing  the  whole  arc  subtending  an  angle  of  ^  W  2S^3^ 
in  the  heavenB>and  a  distance  of  1,036,337  feet  on  the  sur&e 
of  thq  earth. 

The  length  of  the  degree  at  the  middle  point  (51**  35^  18^ 
l)fetween  the  southern  extremity  of  the  arc  and  Arbury  HH^ 
is  60,864  fathoms,  which  exceeds  the  above  by  44  fiithoms. 
But  this  degree,  admitting  the  earth  to  be  an  elfipsoid,  with 
the  ratio  of  its  axes  as  229  to  230,  should  be  about  10 
&Uioms  less. 

.  From  the  late  operations  of  the  French  academicians,  it 
appears  that  the  meridional  distance  between  DunkiiiL  and 
mrcelona  is  3^527,921  feet ;  the  distance  between  Dunkiilc 
and  Paris  is  133,758  feet;  and  the  distance  between  PEra 
and  Greenwich  is  963,954*  feet ;  therefore  the  distance  be- 
tween  Greenwich  and  Dunkirk  is  830,196  feet  The  distance 
between  Greenwich  and  Cliflon  is  722,641  feet;  henoe 
4,411,968  feet  is  the  meridional  distance  between  Clifton  and 
Barcelona.  We  thus  find  the  mean  length  of  a  d^ee  on  the 
earth's  surface,  in  latitude  47"^  24^  to  be  60,795  fathoms.  The 
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meridional  distance  is  1»686,595  feet,  and  60,825  ftthoms  is. 
the  length  of  the  degree  in  latitude  51^  9% 


JSjqferiments  on  Trees.  By  Mr.  KNiOBT^^-^  [1804p.3 
The  sap,  having  been  absorbed  by  the  bark  of  the  root,  is 
cattied  up  by  the  alburnum,  or  white  wood,  of  the  root,  the 
tnmky  ara^  the  branches ;  it  passes  through  what  are  there 
caHed  the  central  vessels,  into  the  succulent  part  of  the  annual . 
shoot,  the  leaf-stalk,  uid  the  leaf;  and  it  returns  to  the  bark 
through  the  returning  vessels  of  the  leaf^stalk. 

^  Mr.  Knight  begins  with  the  leaf,  from  which,  he  assumes, 
aU'  the  descending  fluids  in  the  tree  are  derived.    The  efforts 
which  plants  always  make  to  turn  .the  upper  surfaces  of  their  • 
leaves  to  the  light,  have  induced  naturalists  to  conclude,  that 
elbch  surface  ]ia^  a  totally  distinct  office.    Mr.  Knight  has  de- 
tailed a  numbevrof  experiments  to  support  that  conclusion, 
l^rom  these  he  infers,  that  in  the  vine,  the  perspiratory  vessels 
sire  confined  to  the  under  surface  of  the  leaf,  and  that  diey, 
like  the  cutaneous  lymphatics  of  the  animal  economy,  are  pro- 
hai^y  capable  of  absorbing  moisture  when  the  plant  is  in  a 
state  to  require  it.    The  upper  surface  seems,  nrom  the  po-» 
sition  it  assumes,  either  formed  to  absorb  light,  or  to  operate 
by  the  influence  of  that  body ;  and  if  any  ming  exhale  front 
it,  it  is  probably  vital  air,  or  some  other  permanently  elastic 
fluid.    It  is  known,   that  perpendicular  shoots  grow  with 
greater  vigour  than  others,  and  Mr.  Knis^ht  imputes  i^  from 
some  experiments,  to  a  more  minute  and  rapid  circulation. 

To  prove  the  effects  of  motion  on  the  circulation  of  the 
sap,  he  selected  a  number  of  young  seedling  apple-trees,  whos^ 
stems  were  about  an  inch  in  diameter,  ^y  means  of  stakes 
and  bandages  of  hay,  not  so  tightly  bound  as  to  impede  the 
progress  of  any  fluid  within  the  trees,  he  deprived  the  roots 
and  lower  parts  of  the  stems  of  several  trees  of  all  motion, 
to  the  height  of  three  feet  from  the  ground,  leaving  the  upper 
p&x\&  of  &e  stems  and  branches  in  their  natural  state.  In. 
^e  succeeding  summer,  much  new  wood  accumulated  in  the. 
parts  which  were  kept  in  motion  by  the  wind,  but  the  lowfer 
parts  of  the  stems  and  roots  increased  very  little  in  size. 
Removing  the  bandages  from  one  of  these  trees,  he  fixed  a' 
stake  in  the  ground,  about  10  feet  distant  from  the  tree,  on 
the  east  side  of  it,  and  attached  the  tree  to  the  stake,  at  the 
height  of  six  feet,  leaving  it  liberty  to  move  towards  the 
north  and  south,  but  in  no  other  direction.  Thus  drcum-^ 
stanced,  the  diameter  of  the  tree  from  north  t(K  south,  in 
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that  part  (^  its  stem  whieh  was  most  exercised  by  tibe  woid, 
^  exceeded  that  in  fha  opposite   direction  in  the  B>Dowiiig 
autumn,  in  the  proportion  of  13  to  11. 

The  principal  office  of  tlie  horizontal  brancfaea,  accordoig 
to  Mr.  Knight,  in^  thd  greatest  number  ci  trttes^  k  to  nouriah 
and  support  die  l^ossoms,  and  the  fnul  or  aeed;  and*  as 
these  give  back  little  or  nothing  to  thd  paxent  tree»  very  feeble 
powers  ak>ne  are  wanted  in  the  returning  sy^em.  No  power 
at  all  would  have  been  fatal ;  and  powers  sufficiently  atroog 
wholly  to  counteract  the  effects  of  gravitation,  would  i»obflUj 
have  been  in  a  high  degree  destructive^  and  it  is  Mr*  Knight's 
opinion,  that  the  formation  of  blossoms  mav,  in  manym- 
stances,  arise  from  the  diminished  action  of  the  reiomii^ 
system  in  the  horizontal  or  pendent  branch. 

Eaperimenis  €md  CcUcuiadtms  rekaive  to  phi/nce^  B]f 

JOr.  FoiTifo.— [1804!.] 
The  proposition  which  Dr.  Y.  intended  to.  estdbli^  wasb 
<Vthat  fringes  of  colour  are  produced  by  die  iaterfi^eiiioa 
of  two  portions  of  li^t."    From  the  experiments  and  ca^ 
oulations  we  may  mfer,  that  homogeneous  light,  at  oertaiB 
equal    distances  in  the  direction  of  its.molbBi  is    po^ 
sessed  of  opposite  qualities  capable  of  neutralising  and  de- 
stroying each  other;  and  of  extinguishinjj  the  light.  whef% 
they  happen  to  be  united ;  that  these  qualities  succeed  esKb 
other  alternately  in  successive  conc^itric  si^rficies»  at  dta* 
tances.  which  are  constant,  for  the  same  li^t  passing  through 
the  same  medium.    From  the  agreement  of  the  measures^ 
and  from  the  similarity  of  the  phenomena,  we  may  condlode 
that  these  intervals  are  the  same  as  are  concemed  in  the 
production  of  the  colours  of  thui  plates;   but  theo&  are 
shown  by  the  eiq^eriments  of  Newton  to  be  the  smidier  the 
denser  tne  medium ;  and  since  it  may  necessarily  be  ynr 
smned  that  their  nun^r  must  remam  unaltered  in  a  giv«i 
quantity  of  light,  it  follows,  of  course,  that  %ht  moves  moie 
Mowly  m  a  denser  than  in  a  rarer  medium  :  and  this  bemg 
granted,  it  must  be  allowed  that  refracticHi  is  not  the  efbct 
of  an  attractive  force  directed  to  a  denser  medium. 
.   Since  we  know  that  sound  diverges  in  concentric  supe^* 
Acies,  and  that  musical  sounds  consist  of  opposite  quabtieft 
eapable  of  neutralising  each  other,  and  succeeding  at  certain 
equal  intervals,  which  are  different  accofding  to  the  differ- 
ence of  the  note,  we  are  fully  authoriaed  to  conclude  that 
there  must  be  some  strong  resemblance  between  the  nature 
•f  sound  and  that  of  light. 
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j^fi  Enquiry  eonceminff  the  Nature  of  Heat^  and  its  Mode  of 
Communicatum.  .  By  Benjamin  Count  Rumford. 

The  prtnemal  dyjeot  of  this  essay  is  to  obtain  a  more  inti- 
mate knowleage  of  the  nature  of  heat,  and  of  its  mode  of 
aedon,  by  whwh  the  auUior  thinks  that  we  may  be  enabled 
to,  excite  it  with  greater  economy,  coi^e  it  with  greater 
fyicS&tf^  and  direct  its  operations  with  more  precision  and 
effeet. 

^From  the  first  series  of  these  experiments,  he  concludes. 
that  all  the  heat  which  a  hot  body  loses  when  it  is  exposed 
in  the  air  to  cool,  is  not  given  off  to  tlie  air  which  comes  into 
contact  with  it^  but  that  a  large  proportion  of  it  escapes  ia- 
rays,  which  do  not  heat  tbe  transparent  air  through  whici) 
they  pass,  but,  like  light,  generate  heat  only  when  and  where 
they  are  stopped  and  absorbed. 

As  the  r^ults  of  Tartdus  other  experiments  made  with  a 
view  to  determine  the  relative  quantities  of  rays  emitted 
f^otii  the  siuiiieea  of  difier^nt  substances,  firom  living  animals, 
dead  animal  matteiv  &c.  we  are  informed  that  those  sub- 
stances which  part  with  heat  with  the  greatest  facility  are 
thos^  which  aho- acquire  it  most  readily  or  with  the  greatest 
celerity ;  agd  also»  that  the  greater  the  power  is  which  an. 
attitnal  possesses  of  tlurowing  off  heat  from  die  sur&ce  of  his. 
body,  tndq>endeBtly  of  that  which  the  surrounding  air  take^ 
off,  the  less  will  his  tempeimture  be  affeeted  by  the  occasional 
changes  di  temporaiure  which  take  place  in  the  air ;  and 
the  tess  will  he  be  oppressed  by  the  intense  heats  of  hot 
climates. 

The  warmth  of  any  kind  of  substance  used  as  clothing,  or 
its  power  of  preventing  our  bodiea  from  being  cooled  by  the 
inflaence  of  surrounding  colder  bodies,  depends  much  on  the 
polish  of  its  surface ;  for,  upon  careful  examination,  it  will  be 
^Ond  ^at  diose  substances  wMch  supply  us  with  the  warmest 
eoveriiigs,  as  furs,  featiiers^  silk,  drc.  are  not  only  smooth,  but 
highly  polished ;  k  w^  also  be  found,  other  circumstances 
b^ng^equal,  that  those  substances  are  the  wariuest  which  are 
the  finest,  or  which  are  composed  of  the  greatest  num.ber  of 
iane  policed  detached  tlnrcads  or  fibres.  The  fine  white 
shining  fur  of  a  Russian  have  is  much  warmer  than  coarse 
half;  and  fine  silk,  as  spun  firom  the  silk-worm,  is  warmer 
than  the  same  silk  twisted  together  into  cowse  threads. 

Formerly  Count  RumfiDrd  considered  the  warmth  of  natural 
and  artificial  clothing  as  depending  .principally  on  the  ob- 
stacle it  opposed  to  the  motions  of  cold  air  by  tvhi^h  the  hot 
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body  is  suirounded ;  but  by  a  patient  exatnkiatioii  of  the 
subject,  he  is  now  convinced  that  the  efficacy  of  mifintwo  is 
much  greater  than  he  had  supposed  it  to  be.  Onljr  a  very 
small  part  of  the  heat  which  a  hot  body  appevs  to  loaev  ▼hreii 
it  is  cooled  in  the  air,  is,  in  fact,  commonicated  to  that  fluid; 
a  much  greater  portion  of  it  being  cononimiGated  to  other 
surrounding  bodies  at  a  distance* 

Count  Rumford  supposes  that  cold  as  well  as  hot  bodies 
emit  rays,  which  he  aenominates  frigorific  and  caloiic ;  md 
diat  the  intensity  of  the  rays  which  hot  and  cold  bodies  eaiit, 
in  a  medium  perfectly  transparent,  fdlows  the  same  law.  He 
also  informs  us,  that  there  are  so  many  striking  analogies  be- 
tween the  rays  of  light,  and  those  bivisible  rays  which  all 
bodies  at  all  temperatures  appear  to  emit,  that  there  can 
hardly  be  a  doubt  of  their  motfons  being  regulated  by  the 
same  principles. 

Pernaps  there  may  be  no  odier  d^rence  between  them 
than  exists  between  those  vibrations  in  tlie  air  which  are  au- 
dible, and  those  which  maice  no  sensible  in^nressioa  on  our 
organs  of  hearing.  If  the  ear  w«re  so  constructed  that  we 
could  hear  all  the  motions  which  take  place  in  the  air,  we 
should  be  stunned  with  the  noise ;  imd  if  our  eyes  were  so 
constructed  as  to  see  all  the  rays  whidi  are  anitted  contuui* 
^ly  by  day  and  by  night,  by  me  bodies^  which  surround  us, 
we  should  be  dazzled  and  confounded  by  diat  iaaupportable 
ilood  of  light  poured  in  upon  us  on  every  side* 

In  all  cases  where  it  is  designed  to  preserve  the  heat  of 
any  substance  which  is  confined  in  a  metallic  vessel^  it  will 
contribute  to  that  end,  if  the  external  sur&ce  of  the  vessel 
be  clean  and  bright.  Biit  if  the  db^ect  be  to  cook  aoy  thing 
quickly,  in  a  metallic  vessel,  its  external  surface  should  be 
painted  or  covered  with  substances  which  have  been  found  to 
emit  calorific  rays  in  great  abundance* 

Polished  tea-urns  maybe  kept  boiling  with  a  mnch.l^ss 
expence  of  spirit  of  wine  than  such  as  are  vamtshed;  and 
the  cleaner  and  brighter  the  dishes,  and  .covers  for  dishes, 
which  are  used  for  bringing  victuals  to  taUe,  and  for  keeping 
it  hot,  the  more  effectually  will  they  answer  that  puipo#e. 

Saucepans  and  other  kitchen  utensils,  which  are  very  clean 
and  bright  on  the  outside,  may  be  kqit  hot  wkh  a  smaller 
fire,  than  such  as  are  blade  and  dirty;  but  the  bottom  of  a 
saucepan  or  boiler  should  be  blackeneo,  in  order  that  its  con- 
tents may  be  made  to  boil  quickly^  and  with  a  small  expence 
of  fuel.  ^ 

When  kitch^  utensils  are  used  over  a  fire  of  sea-coal  or 
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of  nmod,  there  will  be  no  neoessky  for  bbckening  their  hot* 
tamSffyr  they  wHl  floon  be  made  black  by  the  smoke ;  but, 
when  they  are  used  oyer  a  clear  fire  of  charcoal,  they  should 
tve  blaekeiied  wiUi  the  smoke  of  a  lamp  or  coal-fire. 

It  has  be^  thought  that  brewers'  flats  would  answer  the 
purpose  of  cooling  liquors  better,  if  n^e  of  metal,  than  of 
wood :  but  a  metfdlic  surface  ia  ill  calculated  for  expediting 
the  emission  of  calorific  rays.  The  thickness  of.  the  timber 
<if  which  these  tubs  are  cpmraonly  made,  is  favourable  to  a 
apeedy  coolmg  of  the  wort;  for,  when  they  are  empty  and 
cold;  a  great  part  of  the  heat  of  the  liquor  is  absorbed  by  the 
woocL 

Where  metallic  tubes,  filled  with  steam,  are  used  for  warm- 
ing r^ioms,  the  external  surface  of  them  should  be  painted,  or 
covered  with  some  substance  which  facilitates  the  emission  of 
calorific  rays.  A  covering  of  thin  paper  will  answer  the  pur- 
pose very  well,  if  it  be  black,  aad  aosely  attached  to  the  sur- 
^ce  of  the  metal  witii  glue. 

Tubes  designed  for  conveving  hot  steam  &om  one  place  to 
another  should  be  covered  up  with  a  warm  covering,  or 
should  be  kept  clean  and  bright.  It  might  be  worth  while 
to  gild  them,  or  to  cover  them  with  gilt  paper  or  tin-foil,  or 
some  other  metallic  substance  whirh  does  not  easily  tarnish 
with  the  air.  The  cylinders  ^d  principal  steam-tubes  of 
steam-engines  noight  be  covered,  first  iiith  some  warm  cloth- 
ing and  tiien  with  sheet4)ra68,  kept  dean  and  bright.  The 
expence  of  this  covering  would  be  repaid  by  a  saving  of  fuel. 

If  garden  walls  painted  black  acquire  heat  faster  when  ex- 
posed to  the  sun's  direct  rays,  they  will  likewise  cool  faster 
.  during  the  night,  and  gardeners  must  best  determine  whether 
these  changes  of  temperature  are  or  are  not  favourable  to 
fruit  trees. 

Black  clothes  are  known  to  be  warm  in  the  sun ;  but  they 
are  fiir  fi-om  beinff  so  in  Uie  shade,  especiallv  in  cold  weather. 
No  coloured  clothing  is  so  cold  as  black,  when  the  tempera-  ' 
ture  of  the  air  is  below  that  of  the  suid&ce  of  the  skin,  and 
when  the  body  is  not  exposed  to  the  action  of  calorific  rays 
from  other  substances. 

.  The  warm^i  of  clothing  depends  miich  on  the  polish  of  the 
sarfaoe  of  the  substance  of  which  it  is  made ;  hence,  in  choos- 
ing winter  garments,  those  dyes  are  to  be  avoided  which  tend 
roost  to  destroy  that  poHsh;  and  as  a  white  surface  reflects, 
more  light  than  an  equal'  surface  equally  polished,  of  any 
cither  colour,  there  is  reason  to  think,  that  white  garments 
are  warmer  than  any.  other,  in  cold  weather.    They  are  uni- 
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venallj  considered  as  the  coolest  that  can  be  worn  in  very* 
hot  weather,  and  especiaUy  when  a  person  is  exposed  to  I0ie> 
direct  rays  of  the  sun ;  and  if  they  are  well  calculated  to  re- 
flect calorific  rays  in  summer,  they  must  be  equallj  weH  cal- 
culated to  reflect  those  firigorific  rays  by  which  we  are  <H>eied 
and  annoyed  in  wmter. 

Garments  g£  fur  are  warmer  in  cold  weather  when  worn 
wi^  the  hair  outwards,  than  when  it  is  turned  inwards.     Is* 
not  this  a  proof  that  we  are  kept  warm  by  our  clothing,  not- 
so  much  by  confining  our  heat  as  by  keeping  off  those  iVigo-' 
rtfic  rays  which  tend  to  cool  us?  The  fine  fur  of  beasts,* 
being  a  highly  polished  substance,  is  calculated  to  reflect' 
those  ra3r8  which  fall  on  it ;  and  if  the  body  be  kept  warm  by 
the  nys  which  proceed  from  it  being  reflected  back  upon  it,- 
a  for  garment  would  be  warmest  when  worn  with  the  hair' 
inwurdb ;  but  if  it  be  by  reflecting  and  turning  away  the  ^- 
gorific  rays  ftom  external  and  colder  bodies,  that  we  are  kept 
warm  by  our  clothes,  we  might  expect  that  a  pelisse  would 
be  warmest  when  worn  with  the  hair  outwards,  as  the  Count 
says,  in  fact,  it  is. 

llie  fur  of  several  delicate  animids  becomes  white  in 
winter  in  cold  countries ;  and  that  of  bears,  which  inhabit 
the  polar  regions,  is  white  in  all  seasons.  These  last  are  ex- 
posed altemately  in  the  open  air  to  the  most  intense  cold, 
and  to  the  oontinual  action  of  the  sim's  rays  during  several 
months.  If  it  should  be  true  that  heat  and  cold  are  excited 
in  the  manner  above  described,  and  that  white  is  the  colour 
most  favourable  to  the  reflection  of  calorific  and  frigori^ 
rays,  it  must  be  acknowledged  that  these  animab  have  been 
exceedingly  fortunate  in  obtaining  clodiihg  so  well  adapted 
to  their  lo^  circumstances. 


C^tervaOom  on  the  Change  of  some  of  ike  proximaie  Prm-- 
c^pks  of  Vegetables  into  Bitmmen*    Bt^  M*.  HATtrnvrx. 
Bodies,  fl>rmerly  appertaining  to  the  organised  kingdoms 
of  nature,  after  the  loss  of  the  vital  principle,  become  gra- 
dually converted  into  fossil  substances.    In  some  cases,  tlus' 
conversion  is  so  complete,  as  to  destroy  all  traces  of  previous 
organic  arrangement ;  but  in  others  uie  original  textftre  and 
form  have  been  more  or  less  preserved,  though  die  substances 
themselves  are  decidedly  mineral.    Some  of  these  extraneous 
fossils  retain  part  of  their  original  principles,  whilst  others 
can  only  be  regarded  as  casts  or  impressions.     Mr.  Hatdiett 
selects  from  the  animal  kingdom,  as  examples,  among  others, 
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the  fosiul  ivory,  which  retains  its  cartildge ;  the  bones  iti  the 
Gibraltar  rock,  consisting  of  little  more  than  the  earthy  part 
or  phosphate  of  lime.  The  vegetable  kingdom  has  likemse 
produced  many  striking  instances ;  and  animal  petrifactions 
are  commonly  of  a  calcareous  nature,  but  vegetsd^le  petrifac- 
tions are  generally  siliceous. 

Mr.  Hatchetf  s  main  object  is  to  adduce  some  proofs,  that 
the  bituminous  substances  are  derived  from  the  organised 
kingdoms  of  nature,  and  especially  from  vegetable  bodies.  The 
chemical  characters  of  the  pure  or  unmixed  bitumens,  such  as 
naphtha,  mineral  tar;  &c.  are,  in  certain  respects,  so  different 
from  those  resins  and  other  inspissated  juices  of  recent  vege- 
tables, that,  had  the  former  never  occurred  but  in  a  separate 
and  immixed  state,  no  positive  inference  could  have  beevi 
drawn  from  their  properties,  in  proof  of  their  vegetable  origin. 
Fossil  animal  substances  form  a  series,  commencing  with  such 
as  are  scarcely  different  from  those  which  are  recent,  and 
terminating  in  productions  which  have  totally  lost  all  traces 
of  organisation. 

Similar  instances  are  afforded  by  the  vegetable  kingdom : 
the  tliree  examples  cited  in  this  paper  are,  1.  The  submarine 
forest  at  Sutton,  on  the  coast  of  Lincolnshire,  the  timber  of 
which  has  not  suffered  any  very  apparent  change  in  its  vegeta- 
ble characters.  2.  The  strata  of  bituminous  wood,  called  Bovey 
coal,  found  at  Bovey,  in  Devon,  which  exhilnts  a  series  o^ 
gradations,  from  the  most  perfect  ligneous  texture,  to  the' 
substance  nearly  approaching  the  characters  ofpit-^coal,  and,  on 
that  account,  distinguished  by  the  name  of  stone-coal.  3^  The 
varieties  of  pit-coal,  so  abundant  in  many  parts  of  this  coun- 
try, in  which  almost  every  appearance  of  vegetable  has  been 
destroyed. 

These  examples  appear  to  form  the  extremities  and  centre 
of  the  series ;  but  as  the  process  of  carbonisation,  and  form- 
ation of  bitumen',  has  not  taken  place  in  the  first  instance^ 
and  aa  these  effects  have  proceeded  to  the  ultimate  degree 
in  the  last,  it  seems  most  piroper  to  seek  for  information,  and 
for  positive  evidence,  in  the  second  example,  whit^  appears 
to  be  the  mean  point,  eithibiting  effects  of  natural  operations, 
by  which  bitumen  and  coal  have  been  iimerfectly  and  par** 
tially  formed,  without  the  absoftute  obliteration  of  the  origmal' 
vegetable  characters. 

After  a  minute  and  accurate  daseription  and  analysis  oi 
the  bitumen  from  Bovey  coal,  it  is  inferred  by  Mniiatf^ti; 
that  it  is  a  peculiar  and  hitherto  unknown  subatsnce,  whiefa^ 
is  partly  in  the  state  of  vegetate  ream,  and  partlir  in  tfaati^ 
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the  bitumen  called  atphallum,  the  renn  being  la  the  kprgest 
proportioiii  as  100  grains  of  it  afforded  >•— 

Resin  -  •  -  •    5S 

Asphaltum  -  -  •    41 

Earthy  rediduum  «  •>  -*      3 

g        99 

Thus  we  have  an  instance  of  a  substance  being  found 
under  circumstances  which  constitute  a  fossil,  ^though 
the  characters  of  it  ajppertain  partly  to  the  vegetable  and 
partly  to  the  mineral  kuigdonu 

^  Time  alone  does  not  reduce  animal  or  vegetable  bodies  to 
tlie  state  of  fossils*    There  are  examples  of  whole  forests 
which  have  been  submerged  prior  to  any  tradition,  and  which, 
nevertheless,   completely  retain  their  ligneous   characters. 
Other  causes  and  agents  must  therefore  have  been  required 
to  form   the  varieties  of  coal,   and  other  bituminous  sub- 
stances.   In  some  instances,  as  in  the  formation  of  Bovey 
coal,  these  causes  seem  to  have  acted  partially  and  imper- 
iectly,  while,  in  the  formation  of  the  greater  part  of  the  pit- 
<;oals,  their  operation  has  been  extensive  and  complete. 
.  In  the  pit-coals,  the  mineral  characters  predominate,  and  the 
principal  vestige  of  their  real  origin  seems  to  be  bitumen,  for 
die  presence  of  carbon  in  the  state  of  oxide  cannot  alone  be 
<?pnsidered  as  decisive.     Bitumen,  therefore,  with  the  exuviae 
and  impressions  so  commonly  found  in  the  accompanying 
i^trata,  must  be  regarded  as  proofs  in  favour  of  the  origin  of 
pit-coal  from  organised  bodies ;  and,  considering  the  general 
ftcts,  which  have  been  long  observed,  togetlier  with  those 
lately  adduced  respecting  the  Bovey  coal,  and  the  substance, 
found  with  it,  we  seem  to  have  evidence,  that  bitumen  has 
been  produced  by  the  modification  of  some  of  the  proximate 
principle^  of  vegetables,  and  especially  resin. 


On  Muscular  Motions.    By  Anthony  Carlisle,  Esq. 

.  MtfscohAR  motion  is  the  first  sensible  operation  of  animal 
Hfe :  the  various  combinations  of  it  sustain  and  carry  on  the 
mtdtiplied  functions  of  the  largest  animals :  the  temporary 
cessation  of  this  motive  faculty  is  the  suspension  of  the  living 
powers ;  its  total  f  uiesbence  is  death. 

*  The  muscular  parts  of  animals  are  most  frequently  com- 
posed of  many  substances  in  addition  to  those  which  are 
purely  muscular.     In  this  gross  state,  they  constitute  a.flcx- 

Digitized  by  VjOOQ  IC 


CARLISLE  OH   MUiSCULAll  mmoUt^  S&t 

mte,  compressible  solid,  whose  texture  is  gisneraliy  fibrous^ 
the  fibres  being  compacted  into  fasciculi,  or  bundles '  of  vfl« 
rious  thickness.  These  fibres  are  elastic  during  the  con- 
tracted state  of  the  muscles  after  death,  being  capable  of 
extension  to  more  than  one-fifUi  of  their  4ength,  and  of  re-' 
turning  again  to  their  former  state  of  contraction.  This 
elasticity,  however,  appears  to  belong  to  the  cellular  mem- 
brane,  and  not  to  the  matter  of  the  muscle. 

The  attraction  of  cohesion,  in  the  parts  of  the  muscle,  is 
strongest  in  the  fibres,  being  double  that  of  the  transverse 
direction.  When  muscles  are  capable  of  reiterated  contrac- 
tions and  relaxations,  they  are  said  to  be  alive,  or  to  possess 
irritability.  This  quality  fits  the  organ  for  its  functions. 
When  muscles  have  ceased  to  be  irritable,  thdr  cohesive  at- 
traction in  the  direction  of  their  fibres  is  diminished,  but  it* 
remains  unaltered  in  the  transverse  direction. 

In  speaking  of  temperature  as  having  an  essential  influence 
over  the  actions  of  the  muscles,  and  of  respiration  as  one  of 
the  known  causes  which  influences  the  temperatures  of 
animals,  the  following  facts  deserve  notice :  — 

t>iminished  respiration  is  the  first  step  into  the  state  of 
torpidity :  a  deep  sleep  accompanies  it ;  respiration  then 
ceases  altogether ;  the  animal  temperature  is  totally  destroyed^ 
coldness  and  insensibility  take  place,  and  finally,  the  heart 
concludes  its  motions,  and  the  muscles  cease  to  be  irritable. 
li  is  worthy  of  remark,  that  a  confined  air,  and  a  confined 
respiration,  ever  precede  these  phenomena:  the  animal  retires 
from  the  open  atmosphere,  his  mouth  and  nostrils  are  brought 
into  contact  with  his  chest,  and  enveloped  in  fur ;  the  limbs 
become  rigid,  and  the  blood  never  coagulates  during  the  dor- 
mant state.  On  being  roused,  the  animal  yawns,  the  respir- 
ations are  fluttering,  the  heart  acts  slowly  and  irregularly, 
he  begins  to  stretch  out  his  limbs,  and  proceeds  in  quest  of 
food.  During  this  dormancy,  the  animal  may  be  fi*ozen> 
without  the  destructicm  of  the  muscular  irritability,  and  this 
aJways  happens  to  the  garden  snail,  and  to  the  chrysalides  of 
many  insects  during  the  winter  of  this  climate. 

The  loss  of  motion  and  sensation,  from  the  influence  of 
lower  temperature,  accompany  each  other,  and  the  capillaries 
of  the  vascular  system  appear  to  be  contracted  by  the  loss  of 
animal  heat,  as  in  the  examples  of  numbness  from  cold. 
Whether  the  cessation  of  muscular  action  be  owing  to  the 
impeded  influence  of  the  nerves,  or  to  the  lowered  temper- 
ature of  the  muscles  themselves,  is  doubtful ;  but  the  known 
influence  of  cold  upon  the  sensorial  system,  rather  favours 
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the  8U|i|>08ition,>»that  a  certain  temperature  is  necessaiy  fiir 
the  transmission  of  nervoiu  influenoe,  as  well  as  senaaticHi. 

From  other  experiments,  it  appears  that  the  irritabilitj  of 
the  heart  is  inseparably  connected  with  respiraticm ;  and  that» 
according  to  the  nature  of  the  inhaled  gas,  the  actions  of  the 
heart  are  altered  or  suspended,  and  the  whole  muscular  and 
sensorial  systems  partake  of  the  disorder. .  The  blood  ap- 
pears to  be  the  medium  of  conveying  heat  to  the  different 
parts  of  the  body,  and  the  changes  of  animal  temperature  are 
connected  with  the  d^;ree  of  rapidity  of  the  circulation. 

In  considering  the  causes  which  occasion  the  loss  of  mus- 
cular irritability,  we  are  referred  to  workmen  whose  hands 
are  exposed  to  the  colitact  of  white  lead,  the  torpidity^  of 
whose  muscles  seems  to  be  decidedly,  local,  because,  in 
many  instances,  neither  the  brain  nor  the  other  members 
partake  of  the  disorder,  and  it  generally  affects  the  right 
hand*  A  chemist  has  frequently  experienced  spasms  and 
rigidity  in  the  muscles  of  lus  fore  arms,  from  the  effusions  of  . 
nitric  acid  over  the  cuticle  of  the  hand  and  arm.  The  i^  of 
mercury  occasionally  brings  on  a  similar  rigidity  in  the  mas- 
seter  muscles* 

A  smaller  quantity  of  blood  flows  through  a  muscle  during 
the  state  of  contraction  than  during  the  quiescent  state,  as 
is  evinced  by  the  pale  colour  of  the  red  muscles  when  con- 
tracted. But  when  the  muscles  are  vigorously  contracted, 
their  sensibility  to  pain  is  nearly  destroyed:  this  mean  is 
employed  by  jugglers,  for  the  purpose  of  suffering  pins  to  be 
thrust  into  the  calf  of  the  leg  and  other  muscuh^  parts  with 
impunity. 

The  human  muscles  are  susceptible  of  changes  from  ex- 
traordinary occurrences  of  sensible  in^)ressions.  Long  atten- 
tion to  interesting  visible  objects,  or  to  audible  sensations, 
exhausts  muscular  strength:  intense  thought  and  anxiety 
weaken  the  muscular  powers,  and  the  pasi^ons  of  grief  and 
fear  produce  the  same  effect  suddenly,  while  the  contrary 
feelinipi  give  more  than  ordinary  vigour.  To  conclude :  there 
are  two  states  of  the  muscles ;  one  active,  or  that  of  conlrac-' 
tioD ;  the  other  a  state  of  ordinary  tone,,  which  may  be  consi- 
dered as  passive,  as  £ax  as  relates  to  the  mind ;  but  the 
nervoua  power  seems  never  to  be  quiescent,  as  it  respects 
either  the  voluntary  or  involuntary  muscles  during  life.  The 
yielding  of  the  sphincters  appears  to  depend  on  their  being 
overpowered  by  antagonist  muscles  rather  than  on  voluntary  . 
relaxation. 
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On  Oe  Sap  if  Trees.  By  Anj).  Kniqht,  Esq.  —  [18050 
The  sap  in  trees  in  an  inspissated  state,  or  some  con- 
crete matter  deposited  by  it,  exists  during  the  winter  in  the 
sdbumum  or  sapwood,  md  from  this  fluid  or  substance,  dis* 
solved  in  the  ascending  aqueous  sap,  is  derived  the  matter 
which  enters  into  the  composition  of  the  new  leaves  in  the 
^ring,  and  thus  furnishes  those  organs  which  were  not 
wanted  during  the  winter,  but  which  are  essential  to  the  fur- 
ther  progress  of  vegetation.  Hence,  the  superiority  of  win- 
ter-felled wood,  which  has  generally  been  attributed  to  the 
absence  of  the  sap  at  that  season,  is  owing  to  the  substance 
that  has  been  added  to  it  instead  of  taken  j^om  it 

Bulbous  and  tuberous  roots  are  almost  wholly  g^ierated 
after  the  leaves  and  stems  of  the  plants  to  which  they  belong 
have  attained  their  full  growth ;  hence,  the  produce  of  mea- 
dows is  greatly  increased  when  the  herbage  of  the  preceding 
year  remained  to  perform  its  proper  office  till  the  end  of  tiie 
antumtt,  on  ground  which  had  been  mowed  early  in  the  sum- 
mer. On  this  account  Mr;  Knight  infers^  that  the  leaver 
both  of  trees  and  herbaceous  plants  are  alike  employed  dur- 
ing the  latter  part  of  summer,  in  tlie  preparation  of  matter 
calculated  to  smord  food  to  the  expanding  buds  and  blossoms 
of  the  succeeding  sprins,  and  to  enter  into  the  compdsitioii 
of  new  organs  of  assimilation.  In  proof  of  this  hypothesift 
Mr.  Knight  made  many  experiments^  an  account  of  which  he 
has,  by  means  of  this  letter,  laid  before  the  Royal  Society. 
'  The  evidence  that  bulbous  and  tuberous  rooted  plants  c<h)- 
tain  matter  within  themselves  is  decisive ;  for  they  vegetate 
even  in  dry  rooms  on  the  approach  of  spring ;  and  many  bul- 
bous rooted  plants  produce  their  leaves  and  flowers  with 
nearly  the  same  vigour  by  the  applieation  of  water  only,  a» 
they  do  when  growing  in  the  best  mould.  The  water  pro- 
bably acts  only  by  dissolving  the  matter  prepared  and  depo- 
sited in  the  preceding  year,  and  hence  the  root  becomes 
exhausted  ana  spoiled ;  and  it  has  been  found,  that  the  leaves 
and  flowers  and  roots  of  such  plants  afibrded  no  more  oarbcm 
than  exist  in  bulbous  roots  of  the  same  weight,  the  leaves 
and  flowers  of  which  had  never  expanded. 

From  experiments  made  with  care,  Mr*  Knight  infers,  that 
the  reservoir  of  matter,  deposited  in  the  alburnum,  is  not 
wholly  exhausted  in  the  succeeding  spring,  from  which  cir- 
cumstance he  accounts  for  the  several  successions  of  leaves 
and  buds  which  trees  are  capable  of  producing,  when  those 
previously  protruded  have  been  destroyed  by  insects  or,other^ 
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causes ;  and  for  the  luxuriant  shoots  which  often  spring  from 
the  trunks  of  the  trees  whose  hrahches  have  been  long  in  a  stale 
of  decay.  He  thinks,  that  the  alburnum  rCTiains  unemployed 
in  some  cases  during  several  successive  yearsy  since  it  is  not 
probable  that  it  can  be  employed  by  trees,  whicdi,  after 
having  been  transplanted,  produce  very  few  leavess,  or  by 
Chose  which  produce  neither  blossoms  nor  firuit.  In  the  year 
1802,  Mr.  Knight  cut  off  in  the  winter  all  the  branchiM  of  a 
pear-tree,  supposed  to  be  nearly  200  years  old,  and  whose  ex- 
tremities were  generally  dead ;  he  pared  off,  at  the  same  tiaie, 
dl  the  lifeless  external  bark.  No  marks  of  v^etation  ap- 
peared in  the  following  spring ;  but  in  July  numerous  budi 
penetrated  through  the  bark,  and  in  the  autumn  every  pert 
was  coveted  with  shoots  about  two  feet  in  length,  xlie 
number  of  leaves  and  branches  appeared  to  exceed  the  whole 
of  those  which  the  tree  had  borne  the  three  preceding  sea* 
sons,  which  could  scarcely  have  been  wholly  prepared  by  the 
scanty  vegetation  and  foliage  of  the  preceding  year. 

As  inferences  from  his  experiments,  Mr.  Knight  con* 
eludes  that  the  fluid  which  enters  into  and  circulates 
through  the  leaves  of  plants,  as  the  blood  through  the 
lungs  of  animals,  consists  of  a  mixture  of  the  true  sap 
or  blood  of  the  plant,  with  matter'  more  recently  absorbed 
and  less  perfecUy  assimilated.  It  is  probable  that  the 
true  sap  undergoes  a  considerable  'change  on  its  mixture 
with  the  ascending  aqueous  sap;  and  that  the  saccharine 
matter,  existing  in  the  ascending  Sap,  is  not  wholly  derived 
i¥om  the  fluid  which  had  circulated  through  the  leaf  in  the 
preceding  year,  but  that  it  is  generated  by  a  process  similar 
to  that  of  the  germination  of  seeds,  and  that  the  same  pro- 
cess is  always  going  forward  during  the  spring  and  summer, 
aiT  long  as  the  tree  continues  to  generate  new  organs.  But 
towards  the  conclusion  of  the  summer^  the  true  sap  simply 
accumulates  in  the  alburnum,  and  thus  adds  to  the  specific 
gravity  of  winter-felled  wood,  and  Increases  the  quantity  of 
its  extractive  matter.  And  he  adds,  "  If  subsequent  exp^- 
ments  prove  that  the  true  sap  descends  through  the  albur- 
num," as  he  suspects  to  be  the  case,  *^  it  will  be  easy  to  point 
out  the  cause  why  trees  continue  to  vegetate  after  all  cora-< 
muhication  between  the  leaves  and  roots,  through  the  bark, 
has  been  intercepted ;  and  why  some  portion  of  albumous 
matter  ig  in  the  trees  generated  below  incision  through  the 
bark." 
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Oh  tke  Direction  of  ike  Sun  and  Solar  Syttem.     By  Dr^ 

The  learned  as^onomerconoeived,  more  than  twenty  years 
lfcgo>  that  it  was  highly  probable  there  was  a  motion  of  tl||e 
sun  and  solar  system  towards  X  Herculis ;  and  he  says,  the 
reasons  which  were  in  1783  pointed  out  for  introducing  a 
«olar  motion,  will  now  be  much  strengthened  by  other  con^ 
i^iderations.  He  conceives  that  the  motion  of  the  sun  and 
solar  system  will  account  for  the  apparent  motions  of  the 
larger  fixed  stars  upon  much  the  easiest  principles.  Thus,  by 
admitting  a  motion  of  the  sun  towards  X  Herculis,  the  annual 
motions  of  six  stars,  viz.,  S&*ius,  Arctm^us,  Capella,  Lyra^ 
Aldebaran,  Procyon,  may  be  reduced  to  little  more  than  2^^ 
whereas  the  sum  of  them  would  be  5".35d7 ;  and,  by  another 
table,  founded  on  a  calculation  of  the  angles,  and  the  least 
duantities  of  real  motion  of  the  same  six  stars,  it  appears 
tnat  the  annual  proper  motion  of  the  stars  may  be  reduced  to 
i'^.4594',  which  is  0'\7635  less  than  the  sum  in  the  former  casei 


On  rte  singuktr  Figure  of  the  Planet  Saturn*     By  Dt* 

J^ARscmsL— —  [  1 805.] 

There  is  not,  perhaps,  another  object  in  the  heavens  that 
presents  us  with  such  a  variety  of  extraordinary  phenomena 
as  the  planet  Saturn.  A  magnificent  globe,  encompassed  by 
a  stupendous  double  ring,  attended  by  seven  satellites,  oma* 
men  ted  with  equatorial  belts,  compressed  at  the  polen; 
turning  upon  its  axis,  mutually  eclipsing  its  ring  and  satellite^^ 
sand  eclipsed  by  them ;  the  most  distant  of  the  rings  also 
turning  upon  its  ^  axis,  and  the  same  taking  place  with  tho 
farthest  or  the  satellites;  all  th^  parts  of  the  system  of  Saturn 
occasionally  reflecting  light  to  each  other,  the.  rings  and 
moons  illuminatmg  the  nights  of  theSatumian,  the  globes  and 
satellites  enlightening  the  dark  parts  of  the  rings ;  and  the 
planet  and  rmgs  throwing  back  the  sun*s  beams  upon  the 
moons,  when  they  are  deprived  of  them  at  the  time  of  con- 
junction. 

Besides  these  circumstances,  which  appear  to  leave  hardly 
any  room  for  addition,  there  is  yet  a  singularity  left,  which 
distinguishes  the  figure  of  Saturn  from  that  of  all  the  other 
planets.  It  is  flattened  at  the  poles,  but  the  spheroid  that 
would  arise  from  tliis  flattening  is  modified  by  some  other 
cause,  which  Dr.  H.  supposes  to  be  the  attraction  of  the  ring. 
It  resembles  a  paraUeUiigram,  one  side  of  which^  the  icqua- 
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torial)  the  other  the  polar  diameter,  with  the  four 
rounded  ofi»  so  as  to  leave  both  the  equatorial  and  polar  reruns 
^tter  than  they  would  be  in  a  regular  spheroidical  figure* 


On  the  Beproduction  of  Buds,    By  Mr,  Knight,  —  [1 805.]      j 

Every  tree»  in  the  ordinary  course  of  its  growth,  generates 
in  each  season  those  buds  which  expand  in  the  succeeding 
springy  and  the  buds  thus  generated  contain,  in  naany  in* 
|ftances>  the  whole  leaves  which  appear  in  the  following 
summer.  But  if  these  buds  be  destroyed  in  the  winter,  or 
early  part  of  the  spring,  other  buds,  in  many  species  of  trees* 
^re  generated,  which  in  every  respect  perform  the  office  of 
those  which  previously  existed,  except  that  they  never  affimf 
fruit  or  blossoms. 

^  He  then  proceeds  to  mention  di£Perent  theories  to  account 
for  this;  and,  as  his  own  opinion,  he  says,  that  the  buds 
neither  spring  from  the  medulla  nor  the  bark,  but  are  gene- 
inated  by  central  vessels,  which  spring  from  the  lateral  orifices 
of  the  alburnous  tubes.  The  practicability  of  propagating 
some  plants  from  their  leaves  may  seem  to  stand  in  opposi-  I 
tton  to  this  hypoth<esis ;  but  the  central  vessel  is  always  a 
component  part  of  the  leaf,  and  from  it  the  bud  and  yoimg 
plant  probably  originate. 

Mr.  K.  thinks  that  few  seeds  contain  less  than  three  budi;, 
one  of  which  only,  except  in  cases  of  accident,  germinates, 
jjlome  seeds  contain  a  much  greater  number.  The  seed  of  the 
peach  appears  to  be  provided  with  ten  or  twelve  leaves,  each 
of  which  probably  covers  the  rudiment  of  a  bud,  and  tlie  seeds, 
Jike  the  buds  of  the  horse-chesnut,  contain  all  the  leaves,  and 
apparently  all  the  buds,  of  the  succeeding  year. 


JHfferences  in  the  Magnetic  Needle  on  hoard  His  Mqjestif* 
Ship  the  Investigatory  arising  from  an  Alteration  in  the 
Direction  of  the  Ship's  Head.     By  Captain  Flinders, 

There  was  a  difference  in  the  direction  of  the  magnetic 
needle  when  the  ship's  head  pointed  to  the  east,  and  when  it 
was  directed  westward. 

This  difference  was  easterly  when  the  ship's  head  was  west, 
and  westerly  when  it  was  east. 

When  the  ship's  head  was  north  or  south,  the  needle  took 
the  same  direction,  or  nearly  so,  that  it  would  on  shore,  and 
showed  a  variation  from  the  true  meridian. 

The  error  m  variation  was  nearly  proportionate  to  the 

Digitized  by  VjOOQ  IC 


INFLUENCE  or   A   SKIP  ON   ITS  COMPASS.  597 

number  of  points  which  the  ship's  head  was  from  north  or 
south. 

Hence  the  captain  suppbses,  1.  An  attractive  power  of  the 
different  bodies  m  a  ship,  which  are  capable  of  affecting  the 
compass,  to  be  collected  into  something  like  a  focal  point  oi* 
centre  of  gravity,  and  this  point  is  nearly  in  the  centre  of  the 
^lip,  where  the  iron  shot  are  deposited.  2.  He  supposes  this 
point  to  be  endued  with  the  same  kind  of  attraction  as  the 
pole  of  the  hemisphere  where  the  ship  is :  consequently,  m 
New  Holland,  the  south-end  of  the  needle  would  be  attracted 
by  it,  and  the  north  encL  repelled.  S.  That  the  attractive 
power  of  this  point  is  sufficiently  Strong  in  a  ship  of  war  to 
interfere  with  die  action  of  the  magnetic  poles  upon  a  compask 
placed  upon  or  in  the  binnacle. 


On  Ae  Arrangment  and  Methamicai  Action  of  <&«  Musdeg  of 
Fishes^  By  AwrnoNY  Carlisle^  Esq. — [1806.] 
The  muscles  of  fishes  are  of  a  very  different  construction 
from  those  of  the  other  natural  classes.  The  medium  in 
which  these  animals  reside,  the  form  of  their  bodies,  and  the 
instruments  employed  for  their  progressive  motion,  give  them 
a  character  peculiarly  distinct  irom  the  rest  of  the  creation". 
The  frame-work  of  bones  or  cartilages  is  simple ;  the  limbs 
are  not  formed  for  complicated  motions  ;  and  the  proportion 
of  muscular  flesh  is  remarkably  large.  The  muscles  of  fishes 
have  no  tendinous  chords,  their  insertions  being  always  fleshy. 
There  are,  however,  semi-transparent  pearly  tendons  placed 
between  the  plates  of  the  muscles,  which  give  origin  to  ^ 
series  of  short  muscular  fibres  passing  nearly  at  right  angles 
between  the  surfaces  of  the  adjoining  plates. 

The  motion  of  a  round-shaped  fish,  independent  of  its  fins, 
is  simple :  it  is  chiefly  effected  by  the  lateral  flexure  of  the 
spine  and  tail,  upon  which  the  great  mass  of  its  muscular 
flesh  is  employed,  whilst  the  fins  are  moved  by  small  muscles, 
and  those,  from  their  position,  comparatively  but  of  little 
power. 

Mr.  C.  first  describes  the  fins,  the  purposes  to  which  they 
are  employed,  and  the  muscles  attached  to  them ;  and  then, 
in  order  to  ascertain  the  effect  of  the  fins  on  the  motions  of 
fishes,  he  performed  a  variety  of  experiments.  A  number  of 
living  dace,  of  an  equal  size,  were  put  into  a  large  vessel  of., 
water.  The  pectoral  fins  of  one  of  these  were  cut  off,  and  it  * 
was  replaced  with  the  others  ;  its  progressive  motions  were 
'*ot  at  all  impeded,  but  the  head  inclined  dow^wardsk  and 
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when  it  attempted  to  ascend,  the  effort  was  accomplislied 
with  difficulty. 

The  pectoral  and  abdominal  fins  were  then  removed  liioiB  a 
second  fish.  It  remained  at  the  bottom  of  the  vessel,  and 
oould  not  be  made  to  ascend*  Its  progressive  motion  was  not 
perceptibly  more  slow ;  but  when  the  tail  acted,  the  body  J 
showed  a  tendency  to  roll ;  and  the  single  fins  were  widely 
;^panded,  as  if  to  counteract  this  efiecU 

From  a  third  fish  the  single  fins  were  taken  off,  which  pro- 
duced a  tendency  to  turn  round,  and  the  pectoral  fins  were 
kept  constantly  extended  to  obviate  that  motion. 

From  a  fourth  fish  the>pectoral  and  abdominal  fins  were  cut 
off  on  one  side,  and  it  immediately  lost  the  power  of  keeping 
its  back  upwards.  The  smgle  fins  were  expanded  ;  but  tbe 
fish  swam  obliquely  on  its  side,  with  the  remaining  pectcml 
and  abdominal  fins  downwards. 

From  a  fifUi  fish  all  the  fins  were  removed.  Its  back  was 
kept  in  a  vertical  position,  whilst  at  rest,  by  the  expansion  of 
the  tail ;  but  it  rolled  half  round  at  every  attempt  to  move. 

From  a  sixth  fish  the  tail  was  cut  off  close  to  the  body. 
Its  progressive  motion  was  considerably  impeded,  and  the 
flexions  of  the  spine  were  much  increased  during  the  endea- 
vour to  advance ;  but  neither  the  pectoral  nor  abdominal  fins 
seemed  to  be  more  actively  employed. 

From  a  seventh  fish  all  the  &is  and  the  tail  were  r^oioved 
It  remained  almost  without  motion,  floating  near  the  surfieoe 
of  the  water,  with  its  belly  upward. 

These  experiments  were  repeated  on  the  roach,  the  gudgeon, 
and  the  minnow,  with  similar  results. 

The  next  observation  relates  to  the  velocity  of  fishes,  which, 
being  but  little  less  than  that  of  the  flight  of  the  swiftest 
birds,  is  very  remarkable,  considering  the  density  of  the 
jmedium  in  which  they  swim.  And  although  the  large  pro- 
portion of  muscles,  and  their  advantaglBous  application,  may 
partly  account  for  the  phenomenon,  yet  the  power  would  be 
inadequate  to  the  effect,  if  it  were  not  suddenly  enforced,  as 
is  evident  fi-om  the  slow  progress  of  eels,  and  such  fishes  as 
are  incapable,  fi-om  theur  length  and  flexibility,  of  giving  a 
sudden  lateral  stroke. 

The  quickness  and  force  of  the  action  in  the  muscles  of 
fishes  are  counterpoised  by  the  short  duration  of  their  powers. 
The  shortness  of  the  muscular  fibres,  and  the  multiplied  rami- 
fications  of  the  blood-vessels,  are  probably  peculiar  adaptations 
for  the  purpose  of  gaining  velocity  of  action,  which  seems  to 
be  invariably  connected  with  a  very  limited  duration  of  it.  Such 
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examples  form  an  obvious  contrast  with  the  muscular  struc- 
ture of  slow-moving  animals,  and  with  those  partial  arrangifi* 
ments  where  unusual  oonlinuance  of  action  is  concomitant. 


On  the  QuarUify  and  Velocity  of  the  Solar  Motion.    By  Dr. 
Hebschel.— 11806.2 

As  the  result  of  his  several  speculations,  Dr.  Herschel  ob« 
serves^  that  it  appears,  in  the  present  state  of  our  knowledge 
of  the  observed  proper  motions  of  the  stars,  we  have  reason 
to  fix  upon  the  quantity  of  the  solar  motion  to  be  such  as  bjr 
an  eye,  placed  at  right  angles  to  its  direction,  and  at  the  dis- 
tance of  Sirius  from  us,  would  be  seen  to  describe  annually 
aa*arc  of  IM 16992  of  a  degree,  and  its  velocity,  till  we  are 
acquainted  with  the  real  distance  of  this  star,  can  only  be  exr 
pressed  by  the  proportional  number  1,1 16,992. 

The  apparent  velocities  of  Arcturusand  Aldebaran,  without 
a  solar  motion,  were  supposed,  by  a  table  already  referred  to,' 
as  208  to  12 ;  but  when  the  deception  arising  from  its 
parallactic  effect  is  removed  by  calculation,  these  velocities 
are  to  each  other  only  as  179  to  85,  or  as  2  to  I :  and 
though  Arcturus  still  remains  a  star  that  moves  witli  great 
velocity,  yet  there  are  by  the  table  four  or  five  stars  with 
nearly  as  much  motion,  and  four  with  more.  This  solar 
motion  also  removes  the  deception  by  which  the  motion  of  a 
star  of  the  consequence  of  x  Orionis  is  so  concealed  as  hardly 
to  show  any  velocity ;  whereas,  by  computation,  we  find  that 
it  really  moves  at  a  rate  which  is  fully  equal  to  the  motion  of 
the  sun. 

The  similarity  of  the  directions  of  the  sidereal  motions  iis 
an  indication  that  the  stars,  having  such  motions  as  well  as 
the  sun,  are  acted  upon  by  some  connecting  cause,  which  can 
only  be  attraction  ;  and  as  attraction  will  not  explain  the  ob- 
served phenomena  without  the  existence  of  projectile  motions, 
it  must  be  admitted  that  the  motions  of  the  stars  are  go- 
verned by  the  same  two  ruling  principles  which  regulate  the 
orbitual  motions  of  the  bodies  of  the  solar  system.  It  must 
also  be  admitted,  that  we  may  invert  the  inference  from  the 
operation  of  these  causes  in  our  system,  and  conclude  that 
their  influence  upon  the  sidereal  motions  will  tend  to  produce 
-a  similar  effect ;  by  which  means  the  probable  motion  of 
.the  sun  and  of  the  stars  in  orbits  becomes  a  subject  that 
may  receive  the  assistance  of  arguments  supported  by  ob- 
servation. 
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.ObienaiumsimdRematkiMiheFijiure^  CHmaie^  €»ui  Abmo- 
sjpkere  f^ Satwrn  and  ii$  Ekig.    By  Dt^HmbmCBmi^,^ 

It  is  known  that  the  axis  of  the  planet's  equator,  as  weDas 
that  of  the  ring,  keeps  its  parallelism  during  the  time  of  its  re- 
volution about  the  sun ;  and  hence  it  follows,  that  the  same 
change  of  situation,  by  which  the  ring  is  affected,  must  also 
produce  similar  alterati<HW  in  the  i^peafance  <)f  the  planet : 
but  since  the  shape  of  Satium,  though  not  slric^y  spheiiea^,  is 
very  different  from  that  of  the  ring,  the  ckinges  ^>ccaSfHmed 
by  Its  aspects  will  be  so  minute  that  they  only  can  expect  to 
perceive  them  who  have  been  accustomed  to  look  at  vety  flindl 
objects,  and  who  are  furnished  with  instruntents  tlrat  w3l 
show  them  distinctly,  with  a  high  and  luminous  tMcgtiafymg 
power. 

.  In  the  year  1789,  Dr.  Herschel  ascertained  the  prt^xntioA 
of  the  equatorial  to  the  polar  diameter  of  Saturn  Ip  be  2^81* 
to  20.61 :  in  this  measure  was  included  the  ^fS^t  of  the  rmg^ 
on  the  figure  of  the  planet,  though  its  influence  had  been  in^* 
vestigated  by  direct  observation.  The  rotation  of  tlie  planet 
was  determined  afterwards  by  changes  observed  in  the  con-' 
figuration  of  the  belts. 

The  flattening  at  the  poles  of  Saturn  is  more  extensive  than 
it  is  on  the  planet  Jupiter.  The  ciwature  in  high  latitudes 
is  also  greater  than  on  that  fdbnet.  At  the  equator,  on  fhfe 
contrary,  the  curvature  is  rather  less  thim  it  is  on  Jopitef. 
Upon  me  whole,  therefore,  the  shape  of  the  globe  of  Satmn 
is  not  such  as  a  rotatory  motion  alone  could  have  given  it 

From  the  latest  observations  it  is  inferred:  1.  that  the 
breadth  of  the  ring  is  to  the  space  between  the  ring  and  -the 
planet,  as  about  five  to  four.  2.  The  ring  appears  to  he . 
sloping  towards  the  body  of  the  planet,  and  the  inside  edge 
of  it  is  probably  of  a  spherical,  or  perhaps  hyperbolical,  finmi, 
3.  The  shadow  of  the  ring  on  the  planet  is  broader  on  both^ 
sides  than  in  the  middle :  this  partly  is  a  consequence  of  the 
curvature  of  the  ring,  which  in  we  middle  of  its  passage  acro^ 
the  body  hides  more  of  the  ^tadow  in  that  place  than  at  the 
sides.  4.  The  shadow  of  the  body  upon  the  ring  is  a  little 
broader  at  the  nortli  than  the  south,  so  as  not  to  be  paraHel 
with  the  outline  of  the  body  ;  nor  is  it  so  broad  at  the  x^ftik 
as  to  become  square  with  the  direction  of  the  ring.  5.  Ihfe 
most  northern  dusky  belt  comes  northwards  on  boUi  siifes  as 
far  as  the  middle  of  the  breadth  of  the  ring,  where  it  passed 
behind  the  body.  It  is  curved  towards  the  soudi  w  thfe 
middle. 
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pbservoHtms  on  the  CaimeVs  Stomach  r^pedxmg  the  Water  U 
contains,  and  the  JReservoirs  in  which  mat  Fluid  is  enclosed. 
By  Mr.  Everard  -ffijJfff.— [1807.] 

The  cainely  the  subject  of  these  observations,  was  a  femi^e 
brought  from  Arabia;  it  was  28  years  old,  and  said  to  have 
been  20  years  in  England.  It  appears  that  the  animal  was. 
worn  out,  and  in  a  state  of  great  debility,  before  it  came  inta 
the  hands  of  the  college  of  surgeons,  and  in  April  last  they 
put  an  end  to  its  miseries,  by  means  of  a  narrow  double- 
edged  poniard,  passed  in  between  the  skull  and^  first  ver« 
tebra  of  the  neck :  in  this  way  the  medulla  oblongata  was- 
divided,  and  the  animal  instantaneously  deprived  of  sensibility.. 
^  In  the  common  mode  o^ pithing  an  animal,''  says  Mr.  Home, 
'<  the  medulla  spinalis  only  is  cut  through,  and  the  head 
remains  alive,  which  renders  it  the  most  cruel  mode  of  killing 
an  animal  that  could  be  invented."  The  stomachs  of  tins 
imimal  were  the  $rst  things  examined,  and  on  measuring  the 
capacities  of  these  different  reservoirs  in  the  dead  body,  the 
^terior  cells  of  the  first  stomach  were  found  capable,  of  con- 
taining one  quart  of  water,  when  poured  into  them.  The 
posterior  cells  three  qualtts.  One  of  the  largest  cells  held  two 
ounces  and  a  half,  and  the  second  stomach  four  quarts.  This 
is  much  short  of  what  those  cavities  can  contain  in  the  living 
animal,  since  there  are  large  muscles  covering  the  bottom  of 
the  ceUular  structure,  to  force  out  the  water,  which  must  have, 
been  contracted  immediately  after  death,  and  by  that  means 
bad  diminished  the  cavities.  By  this  examination  it  was 
proved,  that  the  camel,  when  it  drinks,  conducts  the  water  in 
a  pure  state  into  the  second  stomach,  that  part  of  it  is  re- 
tamed  there,  and  the  rest  runs  over  into  the  cellular  structure 
bf  the  first,  acquiring  a  yellow  colour. 

The  camel's  stomach  anteriorly  forms  one  large  bag,  but 
when  laid  open,  is  found  to  be  divided  into  two  compart- 
ments on  its  posterior  part,  by  a  strong  ridge,  which  passes, 
down  firom  the  right  side  of  the  Lrifice  of  the  oesophagus,  in 
a.  longitudinal  direction.  On  the  left  side  of  the  termination 
of  the  oesophagus,  a  broad  muscular  band  has  its  origin,  from 
the  coats  of  th^  first  stomach,  and  passes  down  in  the  form  of 
a  solid  parallel  to  the  great  ridge,  till  it  enters  the  orifice  of 
die  second  stomach.  This  band  on  one  side,  .and  the  great 
ridge  on  the  other,  form  a  canal,  which  leads  firom  the  oe.so-' 
pha^us  down  to  the  cellular  structure  in  the  lower  part  of 
the  first  stomach.  The  orifice  of  the  second  stomach,  when! 
this  muscle  is  not  in  action,  is  nearly  shut,  and  at  rijght  angles'. 
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to  the  side  of  the  first  Its  cavity  is  a  pendulous  bag,  with 
rows  of  cells,  above  which,  between  them  and  the  moide 
which  passes  along  the  upper  part  of  the  stomadb^  is  Jtamooth 
sur&ce  extending  from  the  orifice  of  this  stomach  to  tbe  ter- 
mmation  in  the  third.  Haace  it  is  evident,  that  the  second 
Stomach  neither  receives  the  solid  food  in  the  first  instance^ 
a»  in  the  bullock,  nor  does  it  afterwards  pass  into  its  cavitjr 
or  ceUular  structure.  The  food  first  passes  into  the  generrf 
cavity  of  the  first  stomach,  and  that  portion  of  it  which  lies 
in  the  recess  immediately  bdow  the  entrance  of  the  oeso* 
phagus,  under  which  the  cells  are  situated,  is  k^t  moist,  and 
is  readily  returned  into  the  mouth,  so  that  the  cellular  pcurtion 
of  the  mst  stmnadi  in  the  camd  performs  the  same  of&oe 
as  the  second  in  the  ruminants  with  horns.  Wh^e  the  camd 
is  drinking,  the  action  o£  the  muscular  band  opens  the  orifice 
of  the  second  stomach,  at  the  same  time  that  it  directs  the 
water  into  it ;  and  when  the  cells  of  that  cavity  are  full,  the 
rest  runs  off  into  the  cellular  structure  of  the  first  stomad 
immediately  below,  and  afterwards  into  the  ffeneral  cavity:  it 
seems  that  camels,  when  accustomed  to  go  long  journeys,  m 
which  they  are  k^t  without  water^  acquire  the  power  of 
dilating  the  cells,  so  as  to  make  them  contain  a  more  than 
ordinary  quantity  as  a  supply  for  their  journey.  When  the 
cud  has  been  diewed,  it  has  to  pass  along  the  upper  part  6t 
the  second  stomach  before  it  can  reach  the  third,  which  is 
thus  managed :  at  the  time  that  the  cud  is  to  pass  £rom  thcf 
mouthy  the  muscular  band  contracts  with  so  much  forces 
that  it  not  only  opens  the  orifice  of  the  second  stomach,  but 
acting  on  the  mouth  of  the  third,  brings  it  forwards  into  the 
second,  by  which  means  the  muscular  ridges  that  separate 
die  rows  of  cells  are  brought  dose  together^  so  as  to  exdnde 
the^e  cavities  firom  the  canal  through  which  the  cud  passes. 
^  It  is  this  beautiful  and  very  curious  mechanism,"  says  Mr* 
Home,  ^  which  forms  the  peculiar  character  of  the  stomad 
oCthe  camel,  dromejdary,  and  lama,  fitting  them  to  live  in  the 
sandy  deserts  where  the  supplies  o£  water  are  so  precarious.** 
Fkrom  the  comparative  view  which  Mr.  Home  has  taken  of 
the  stconoachs  of  Uie  bullock  and  camel,t  it  appears,  that  in  the 
bullock,  there  are  three  stomachs  formed  ior  the  preparation 
of  food,  and  one  for  digestion.  In  the  camel,  there  is  one 
atomach  fitted  to  answer  the  purposes  of  two  of  the  bullock ; 
a  second  is  employed  as  a  reservoir  for  water,  having  nothing 
to  do  with  the  {Reparation  of  the  food;  a  diird  is  so  smafi 
and  simple  in  its  structure,  that  it  is  not  easy  to  ascertain  its 
particular  office.  r^        i 
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ObservaHons  an  a  late  Oonui^  made  vntk  a  View  to  inve^igai^ 
MiiMagmtmky€md  the  Naeitre  of  iu  Ilium  ByDrm 

iXEA»aff£L«~  [180&] 
>  Odf.  4.  I  viewed  the  eomet  with  difierent  magaifj^iiig 
powers,  but  found  that  its  light  was  not  sufficient^  intense  to 
bear  very  hi?h  ones.  As  far  as  200  and  300,  xof  teu'^feet  rev 
fiector  acted  very  well ;  but  with  400  and  500  there  was  no# 
tihing  gained,  because  the  exertion  of  a  power  depending  on 
the  quantity  of  light  was  obstructed,  which  I  found  was  here 
of  greater  consequence  tlum  the  increase  of  magnitude. 

libJignitudB  of  the  Nudeus.  —  Oct.  26.  In  order  to  see  th« 
nucleus  as  small  as  it  really  is,  we  should  look  at  it  a  long 
while,  diat  the  eye  may  gradually  lose  the  impression  of  the 
bright  coma  wluch  surromids  it.  This  impresnon  will  diminish 
gn^uaUy;  and  when  the  eye  has  got  the  better  of  it,  the 
nucleus  will  then  be  seen  most  distinctly,  and  of  a  determinale 
magnitude. 

Oct.  4<.  "^i^th  a  seven-feet  refieelor,  I  estimated  the 
jfeuneter  of  the  nucleus  of  the  comet  at  first  to  be  about  five 
seconds ;  but  soon  after  I  called  it  four,  and  by  looking  at  it 
longer  I  supposed  it  could  not  exceed  three  seconds. 

Cf^  Headoftke  Comet  —When  the  comet  is  ^ewed  with 
to  inferior  telescope,  or  if  the  magnifying  power,  with  a  pretly 
good  one,  is  either  much  too  low,  or  much  too  high,  th^ 
tiery  bright  rays  immediately  condguoHS  to  the  nucleus  wiO 
nMti  to  belong  to  it,  and  form  what  may  be  called  tilie  hea^ 
'  Oct*  19^  I  examined  the  head  of  the  comet  with  an  indi^ 
fer^ttt  telescope,  in  die  manner  rl  have  described,  and  foufid 
it  apparently  of  the  size  of  the  planet  Jupiter,  when  it  it 
viewed  with  the  same  tdescope  ana  magniftring  power.  With 
it  good  telescope,  I  saw,  in  the  centre  of  the  head,  a  very 
small,  well-defined  round  point. 

CfOsB  Coma  cfAe  ComeL  —  Oct*  19.  By  the  fidd  of  view 
of  my  reflector,  I  estimate  the  eoma  tH  the  comet  to  be 
about  six  minutes  in  diameter. 

Dec.  6.  The  extent  of  the  coma^  with  a  mirror  of  24  inches 
diameter,  is  now  about  4.45. 

Of  the  Tail  of  the  Comet'-- Oct.  18.  7h.  With  a  night- 
glass,  which  has  a  field  of  view  of  nearly  5^,  I  estimated  the 
tength  of  the  tail  to  be  Sf';  but  twilight  is  still  Very  strongs 
which  may  prevent  my  seeing  the  whole  of  it. 

Oct.  28.     Seven-feet  reflector.    The  south-preceding  side 
of  the  tail  in  all  its  length,  exceot  towards  the  end,  is  very 
wdl  defined;  but  the  lunrtb-following  side  is  every  where 
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liazj  and  irregular,  e^peciall^  towards  the  end;  it  is  abo 
Shorter  than  the  south-preceding  one. 

*  A  visible,  round,  and  well-defined  disk^  shiiting-  in  everj 
jpart  of  it  with  equal  brightness,  elucidates  two  material  c»- 
Inimstancet  r  fbr  siiice  &e  nucleus  of  this  comet,'  like  the 
body  of  a  planet,  appeared  in  the  shape  ci  a  disk,  which  wm 
experimentally  found  to  be  a  real  one,  we  have  good  reason 
to  believe  that  it  consists  of  some  coikLensed  or  solid  bo«ly, 
tiie  magnitude  of  which  may  be  ascertained  by  cakmlatian. 

We  are  authorised  to  conclude,  that  the  body  of  the  conMSt 
en  its  sur^e  is  self-luminous,  from  whatever  cause  this  <|u^ 
lity  may  be  derived.  The  vivacity  of  the  light  c£  the  comet 
hho  Imd  a  much  greater  resemblance  to  the  ikdiance  of  tfaa 
stars,  than  to  the  mild  reflection  of  the  sun's  beams  fimn  tlia 
ioioon,  which  is  an  additional  support  to  our  former  inferaaoOi 
u  The  dtanges  in  the  brightness  of  the  small  stars,  wIma 
they  are  successivdiy  immerged  in  the  tail  or  eamui  d  the 
comet,  or  clear  from  them,  prove  evidently  that  they  are  suA 
ftd^ntly  dense  to  obstruct  the  free,  passi^  of  star^^hft. 
Indeed,  if  die  tail  or  coma  were  composed  of  particlea  thit 
reflect  the  light  of  the  sun  to  make  them  visible,  we  on|^ 
rather  to  expect  that  the  number  of  solid  reflectmg  parta<de% 
required  for  this  purpose,  would  entirely  prevent  our  aeeiw 
any  stars  liirough  tl»em.  But  the  brightness  of  the  head, 
coma,  and  ta^  alone,  will  sufficiently  account  for  the  obaervel 
c^tmges,  if  we  admit  that  they  shine  not  by  reflection,  but  bj 
their  own  radiance;  for  a  famt  object  projected  en  a  tMigiit 
ground,  or  seen  through  it,  will  certamly  appear  somewhat 
rainter,  although  its  rays  should  meet  with  no  obstruction  m 
tbming  to  the  eye. 

'  The  inmiense  tails  of  some  comets  that  have  been  eb* 
t^rved,  and  even  that  of  the  present  one,  whidi  on  the  ISHik 
of  October  was  expanded  over  a  space  o£moTe  than  9^000^000 
ef  miles,  may  be  accounted  for  more  satisfllctorily,  b^  acknit- 
ting' them  to  consist  of  radiant  matter,  such  as,  £or  mstaacef 
the  aurora  borealis,  than  when  we  unnecessaryy  ascribe 
their  light  to  a  reflection  of  the  sun's  illumination  thrown 
\ipon  vapours  supposed  to  arise  from  the  body  of  the  comet. 


Saparimentt  tnade  wkh  a  View  cf  asceriaininp  tht  C^kmngm 
produced  in  Atmospheric  Air  and  Oxygen  Gat  2y  Rupi»- 

"  aiion.    By  Messrs.  Allen  and  Pepys,  —  [1 809*3 
TiiEY  prove  that  the  quantity  of  carbonic  acid  gas  emitted, 

%  exactly  equal,  bulk  for  bulk,  to  the  oxygen  ^nsumed;  and 
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HhereSare  ther^  u  no  reason  to  conjecture,  that  anj  water  is 
^rmed  by  a  union  of  oxygen  and  hydrogen  in  the  }iinff8« 

Atmospheric  air,  once  entering  the  hmgs,  returns  chaiged 
vith  £khii  8  to  8^  per  cent,  of  carbonic  a«id  gajB ;  and  when 
-the  vOontiK^  are  repeated  ahnost  as  ^ri^uendy  as  po8sU>]% 
tfltily  10  per  cent,  is  emitted*      ^  .    .      , 

It  appeans  that  a  middie-sized  faun,  aged  38  yeunty  fio^ 
whose  pulse  is  70  on  an  average^  gives  off  302  cubical  i^chen 
of  carbonic  acid  gas  ibom  his  lungs  in  11  minuter;  and  supr 
fKMsing  the  production  uniform  for  2i  boi«ra»  the;  total  ^^iiant 
Mt^  m  that  period  would  be  39,53^  cubical  inch^Si  weighing 
18»68d  grains,  the  carbon  in  which  is  5,363  grains,. of. jrat^ 
onore  dian  11  ounces  troy.  The  oxygen  consumed  in  the.si^n^ 
ddmt  will  be  equal  in  volume  to  th^  carbonic  acid  ^.  17^ 
Mimtity  of  carbonic  acid  gas,  emitted  in  agiven  time,  miis( 
jOfipend  much  on  the  drcumstances  under  which  respiration 
is  performed.  .        ^  > 

^  When  respiration  is  attended  with  distressing  circum^ 
stances,  th^e  is  reason  to  conclucte»  tht^  a  porticm  of  pxygei^ 
is  absorbedt  and  as  the  oxygen  decreases  in  ^uantity^  jper^ 
jceptton  gradually  ceases,  and  we  may  suppose,  that  lii^ 
twould.be  completely  extinguished  on  the  total  abstraction  of 
'Oxygen.  . 

.  A  larger  proportion  of  carbonic  ^cid  gas  is  formed  by  thf 
liuman  sidjeet  from  oxygen  than  from  atmospheric  air. 

Aa  ^asy  natoural  inspiration  is  from  16  to  17,  cubical  inches^ 
ithsmgh  tlus  will  differ  in  different  subjects ;  ancL  it  is  supposed 
tbafr  the  quantity  of  carbonic  acid  gas,  given  off  in  a  perfectly 
Aiatiml  rfipiration,  ought  to  be  reckoned  at  less  than  at  a 
time  when  experiments  are  making  on  the  human  subject 
jbr  the  poroose,  because  in  short  inspirations  the  quantitv  of 
^BT,  which  W  reached  no  ^ther  than  the  faupes,  traches^ 
Joe,  bears  amudi  larger  proportion  to  Uie  whole  mass  required 
4h*o  when  the  indurations  are  deep. 

No  hydrogen,  nor  any  other  gas,  appears  to  be  evolve^ 
:dwog  the  process  of  respiration. 

.  TW  general  average  of  the  deficiency  in  the  total  amount 
,of  copomon  air  inspired,  appears  to  be  very  small,  amoupting 
only  to  6  parts  in  1000. 

The  experiments  upon  oxygen  gas  prove,  that  the  quantity 
of  air  regaining  in  the  lungs  and  its  appendages  is  very  con- 
'Sidecable;  and  that  without  a  refere(ice  to  this  circumstance, 
all  experiments  upon  small  quantities  of  gas  are  liable  to 
ioaccuracv. 

«)  |v     Q       '  '  Digitized  by  VjOOQIC 


4SB  mnwotPF  can  v«m  mooru  oir  vuimtmm 

Aeo9mU  €f  the  Origin  and  Formation  of  Soots.     Sy  lib. 

iKkjGirr.— [X810.] 

Former  expermieitils  had  led  him  to  condude^  that  tlie 
bttdfi  of  tree«  invarial^y  spring  from  ite  albtttmnii)  to  vrladi 
they  are  always  connected  by  central  yessds  of  greater  m 
leM  lengtii;  and  in  tiie  present  discnsflbn  he  OEfteaos  ts 
IhoWy  that  the  roots  of  trees  are  generated  by  the  Tesadi 
which  pats  from  the  cotyledons  of  the  seed,  mA  tnm.  the 
leaveis,  throagfa  the  lei^nstalks  and  the  bari^  and  tluit  ^ey 
never,  under  any  circBmstanceS)  i^nring  irame^ately  fihoca  the 
albnmiun* 

The  radicle  in  the  seed  has  been  generally  8ii|^>ofled  to  be 
analogous^  to  the  root  of  the  plant,  and  to  become  a  perfeei 
toot  during  germimitkni :  tiiis  opinion  Mr,  Kn%bt  Biipposss 
to  be  fbu^ted  m  error.    <<  A  root,"  he  says,  <<  in  idi  cttss 
with  which  I  am  acquainted,  dongates  only  by  new  part^ 
which  are  successive^  added  to  its  apex,  »id  never,  like  the 
stem  or  branch,  by  the  extension  of  parts  previoo^y  asgaii^ 
fsed;"  and  it  is   owmg   to  this  difference  in  the  noode  ef 
growth  of  the  root,  and  lengthened  plumule  of  g^rmkiatiiiir 
seeds,  that  the  oiie  must  be  ever  obedi^&t  to  gnmtattom,  sm 
point  to  the  centre  of  the  ^r^,  while  the  othar  raiiBt  tiihe 
the  opposite  direction.    But  Uie  r^cle  of  germinatiiig*  seeds 
doQgates  t^the  ei^tension  of  parts  previously  ergantsedi  and» 
in  many  cases,  raises  the  cotyiedons  out  of  the  nioidd  in 
which  the  seed  is  placed  to  vegetate*    The  mode  of  growth 
of  the  radicle,  k,  cherefbre,  similar  to  that  of  the  substance 
which  occupies*  the  spaces  betwe^  the  buds  neiff  the  powl 
of  the  succulent  annual  shoot,  and  totally  different  6om  that 
of  the  propet  root  of  the  plant,  whidi  comes  mto  existeftee 
during  the  germination  of  the  seed,  uid  springs  from  the  point 
of  the  ra^cle.    At  this  period,  neither  the  radicle  nar  coty- 
ledons contain  any  aH>umum,  and  therefi>re  the  €r8t  root 
eannot  originate  from  that  substance ;  but  the  cortical  vesseb 
are  then  filled  with  sap,  and  apparently  in  fidl  aetimi,  aiid 
through  these  the  sap  appears  to  descend,  which  gives  ex« 
fstence  to  the  true  root.    When  first  emitted,  the  root  <dfr> 
sists  only  of  a  cellular  substance,  similar  to  that  of  the  ImA 
of  other  parts  of  the  fiiture  tree,  and  within  this  the  cortical 
vessels  are  subsequently  generated  in  a  circle,  inclosing  withn 
it  a  small  portion  of  the  cellular  substance,  v^iich  formb  the 
pith  or  medulla  of  the  root     The  cortical  vessels  soon  enter 
on  their  office  of  generating  albumous  matter ;  and  a  tnms- 
verse  section  of  the  root  then  shows  the  alburnuBi  anaafed 
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in  the  form  of  wedges  round  the  mednlla,  as  it  is  subsequently 
deposited  on  the  cehtral  vessels  of  the  succulent  aimuidshoot^ 
and  on  the  surface  of  the  albimnim  of  the  stems  and  branchefi 
of  oldar  trees. 

Jf  a  Ie8f-«taik  he  deeply  "woande^  a  ceQular  sidMtadQei 

feunHar  to  that  of  the  bark  and  young  root»  is  protruded  from 

tile  upper  Im  of  the  wound,  but  n&ner  frcrni  the  lower;  ao^ 

the  IfiaifHstalks  of  many  plants  possess  the  power  of  emtUiog 

toots,  which  pcywer  cannot  hate  resided  in  the  alburnum,  €» 

^be  leaf-stalk  contains  none ;  but  vessels,  similar  to  tliose  9t 

the  bark  aoid  radide,  abound  in  it,  i»id  apparent;}y  convey  thel 

returning  sap;  and  from  these  vessels,   or  from  the  flui4 

"f^hif^  i£eiy  coavey,  the  roots  emitted  by  the  leaf^stalk  derive 

Iheir  existence.    If  a  portion  of  the  bark  of  a  vine  be  tak^ 

eff  in  a  circie^  extending  round  its  st^m^  so  as  to  intereepi 

entirety  the  passage  of  any  fluid  through  the  burl^  and  any 

body  which  contains  much  moisture  be  applied,  aumerout 

roots  will  soon  be  emitted  into  it,  immediately  above  the 

i^bcorticated  space,  but  never  immediately  beneath  it ;  and 

when  the  alburnum  in  the  deooi^caled  spaces  has  become 

lifeless  to  a  oonsiderabk  depth,  buds  are  usually  protruded 

iKlieath,  but  neva:  immediately  above  it,  apparently  owing  to 

the  obstruttt<m  of  the  aseen^ag  sap.    The  roots  which  lam 

emitted  in  the  preceding^se  do  not  appear  in  any  degree  to 

di&r  ^m  those  which  descend  ft'om  the  radicles  of  ge^^ 

nei^ting  seeds,  and  both  apparently  d^ive  th^  matter  Jrcni 

^theiftuid  whidi  descends  tfaroi^  the  cortical  vessels. 

Mr.  K.  anticipated  the  result  of  this  and  other  experiments 
mentioned  by  him ;  ^<  not,*'  says  he,  ^'  that  I  supposed  thsU 
roots  can  be  changed  into  buds,  or  buds  into  roots ;  but  I  had 
before  proved,  that  the  organisation  of  the  alburnum  is  better 
€da]^ited  to  carry  the  sap  it  contains  from  the  root  upw^r^ 
^n  m  axgy  other  direction ;  and  I  concluded,  that  the  sap, 
when  tfrived  at  the  top  of  the  cutting  through  the  alburnum^ 
would  be  there  employed  in  gaaerating  buds,  and  that  these 
buds  would  be  protruded  where  the  bark  was  young  and  tliin, 
and  oonsequi^itly  afforded  little  resistance :  I  had  dso  proved 
tiiat  bark  to  be  better  calculated  to  carry  the  sap  towards  th/e 
iirnMs  thati  in  the  opposite,  direction;  and  I  thence  inferred 
that  as  soon  as  any  buds>  emitted  by  cuttings,  afforded  leavj^s, 
the  tap  would  be  conveyed  from  these  to  the  lower  extremiiby 
ef  file  cuttmgs  b^  the  cortiad  vessels,  «nd  be  there  employed 
in  ^e  formation  of  roots.*' 

Both  the  alburnum  and  bark  of  trees  contain  their  true  sap ; 
i^as  thi%  like  the  animal  Mood,  is  prpb^bly  filled  w;th  par- 
p  p  4 
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fades  which  are  endued  with  life»  Mr.  K.  conjectureSy  that 
tite  same  fluid,  by  acquiring  difierent  motions,  may  ^nerate 
d&ffierent  organs  than  that  two  distinct  fluids  should  be  ne- 
cessary to  form  the  root,  and  the  bud  and  leaf.     When  albur* 
ttum  is  formed  in  the  root,  that  organ  possesses,  in  commdii 
with  the  stem  and  branches,  the  power  of  producing  buds 
and  of  emitting  iSbrous  roots ;  and  when  it  is  detached  &0ia 
the  tree,  the  buds  ahrays  spnng  near  its  upper  end»  and  llie 
roots  near  the  opposite  extremi^.   The  alburnum  of  the  root 
is  also  similar  to  that  of  otibier  parts  of  the  tree;  except  that 
it  is  mere  porous,  probably  owing  to  the  presence  of  abundant 
mioisture  during  the  period  in  which  it  is  deposited*     P^-himf 
the  same  cause  may  retain  the  wood  of  the  root  perman^trf 
in  the  state  of  albummn ;  for  if  the  mould  be  taken  away,  so 
that  die  pdrts  of  the  larger  roots  which  adjoin  the  trunk  be 
exposed  to  the  air,  such  parts  are  subsequently  found  to  coth 
tain  much  heart  wood. 

In  opposition  to  the  opinion,  that  fibrous,  like  bulbous  roots^ 
of  all  plants,  are  only  of  annual  duration,  it  is  observed  that, 
with  regard  to  the  latter,  nature  has  provided  a  distinct  re- 
servoir for  the  sap,  which  is  to  form  the  first  leaves  and  fibrous 
roots  of  the  succeeding  season;  but  the  organisation  of  trees 
is  different,  and  the  alburnum  and  bark  of  the  roots  and  stems 
of  these  are  the  reservoirs  of  their  |^p  during  winter.  When^ 
hbwevef,  the  fibrous  roots  of  trees  are  crowded  together  in  a 
garden-pot,  they  are  often  found  lifeless  in  the  succeeding 
spring ;  but  this  mortality  does  not  occur  in  the  roots  of  trees 
when  growing  under  favourable  curcumstances  in  their  natural 
situadon. 


Sapefiments  an  the  mast  advantageaus  Me&Uid  af  constructing 
Vakaic  Apparatus.    By  Mr.  Jobn  George  Children. 

His  battery  consisted  of  upwards  of  92,000  square  inches 
in  surfiice,  each  plate  being  four  feet  by  two;  and  it  was 
charged  with  a  mixture  of  three  parts  of  fuming  nitrous,  and 
one  part  of  sulphuric  acid,  diluted  with  SO  parts  of  water 
With  this  battery  he  fused  completely  18  inches  of  ^latina 
vii'e,  ^th  of  an  inch  in  diameter,  m  20  seconds,  and  10  inches 
o£  iron  wire,  i^th  of  an  inch  thick:  charcoal  was  burnt, 
giving  out  an  intense  brilliancy.  But  on  imperfect  conductors 
It  had  not  the  slightest  effect ;  and  on  the  human  body  it*wais 
hardly  perceptible ;  and  it  had  scarcely  any  effect  on  the  gold 
leaves  of  an  electrometer. 

But  with  a  second  battery,  consisting  of  200  pair  of  plates^ 


.eaph  about  two  ktchet  squiure»  placed  in  half*{)iat  «polf  ^T 
cominon  qu.een'&-ware>  and  rendered  active  \yyt  some  of  the 
liquor  usea  in  exciting  the  large  battery,  to  which  was  addeid 
^  small  portion  of  firesh  sulphuric  acid>he  readily  decomposed 
potash  and  bar^tes :  in  that  state  it  produced  the  metallisation 
of  ammonia  with  great  facility ;  it  ignited  charcoal  vividly ; 
it  caused  great  divergence  in  die  leaves  of  an  electrcunetec.; 
,  fmd  it  gave  a  vivid  spark  after  being  in  action  three  hours. 


ffinfs  on  tke  Subfect  of  Animal  SecreHonsyvnth  a  View  of 

throwing  new  Lights  on  Animal  Chemistry •    By  Mr.  EvM" 

RAiw  Home. —  [1810.] 

The  discoveries  of  Mr.  Davy  suggested  to  Mr.  Home  the 
idea>  that  the  animal  secretions  may  be  produced  by  chemical 
dianges  effected  by  the  power  of  electricity* 
'  The  voltaic  battery,  he  obserfes,  is  met  with  in  the  torpedo 
and  electrical  eel,  a  circumstance  that  furnishes  two  important 
facts :  one,  that  a  voltaic  battery  can  be  formed  in  a  livii^^ 
animal ;  the  other,  that  nerves  are  essentially  necessary  for  its 
management ;  for  in  these  fish,  the  nerves  connected  with  the 
^ectrical  organs  exceed  those  that  go  to  all  the  other  parts 
rf  the  fish,  in  the  proportion  of  twenty  to  one.  The  nerves 
are  made  up  of  an  infinite  number  of  small  fibres,  a  structure 
80  different,  from  that  #  the  electric  organ,  that  they  are 
evidently  not  fitted  to  form  a  voltaic  battery  of  high  power : 
but  their  structure  appears  to  .adapt  them  to  receive  and 
preserve  a  small  electrical  power.  That  the  nerves  arranged 
with  muscles,  so  as  to  form  a  voltaic  battery,  have  a  power 
of  accumulating  and  communicating  electricity,  is  proved  by 
the  well-known  experiments  on  the  frog. 

There  are  several  circumstances  in  th^  structure  of  the 
herveS;  and  their  arrangements  in  animal  bodies,  which  do 
not  appear  at  all  applicable  to  the  purposes  of  common  sen- 
sation, and  whose  uses  have  not  even  been  devised.  The 
or|ans  of  secretion  are  principally  made  up  of  arteries  and 
vans ;  but  there  is  nothing  in  the  different  modes  in  which 
&ese  vessels  ramify,  that  can  in*  any  way  account  for  th0 
changes  in  the  bloody  out  of  wjiich  the  secretions  aris6« 
These  organs  are  also  abundantly  supplied  with  nerves. 

By  experiments,  it  was  ascertain^,  that  a  low  negatiiee 
pov|er  of  electricity  separates  from  th6  serum  of  the  blood  tan 
alkaline  solution  of  albumen ;  that  a  low  positive  power  sepa- 
rates albumen  with  acid,  and  the  salts  of  the  blood ;  that 
with  one  degree  of  power,  albumen  is  separated  in  a  soUc^ 
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ialMidk^Ke^itif  wpamtedinaflmdlfenia.  From 
liMM  fiMli  the  fattowiog  qiieiks  ai«  propoBed »  1.  Thatsudi 
u  deoonpontion  of  the  blood,  by  electrici^r  nwy  be  ae  nea 
in  approeeh  to  aectetion  as  could  be  expected  to  be  prodooed 
hf  utifidal  measis,  at  preset  in  our  power.     2.  Tliat  a 
wtfUEflT  power  of  electricity  than  any  that  can  be  k^t  «ip  bj^ 
arty  mar  be  capable  of  e^iarating  from  the  blood  tbe  diffin-ena 
parti  or  whidi  it  is  composed,  and  formbg  new  combkiatMmi 
of  the  parts  so  separated.    S.  That  the  structure  of  th^ 
nerves  may  fit  them  to  have  a  low  electrical  power ;  and  as 
krw  powers  are  not  influenced  by  imperfect  conductors,  as 
animid  fluids,  the  nerves  will  not  be  robbed  of  their  el^ctridl]f 
by  the  surrounding  parts.    4i.  That  the  discoveiy  of  am  eJeo- 
triod  power  which  can  separate  albumen  from  the  blood  in  a 
flaid  state,  and  anodier  th^  separates  it  in  a  solid  s|ale,  raaf 
esplain  the  mode  in  whidi  different  animal  solids  and  fli^ 
Majr  be  produced,  sinoe  albumen  is  the  prbcqml  nciatmal  of 
wfaidi  animal  bodies  are  composed*    5.  That  the  nerves  of 
die  toipedo  may  not  only  keep  the  electric  organ  under  the 
command  of  the  will,  but  diarge  the  battery,  by  secreting  the 
fldw}  between  the  plates,  that  is  necessary  for  its  activity, 
6*  As  albiunen  becomes  coagulated  by  the  efi^t  of  a  power 
t0o  low  to  affect  die  most  delicate  electrometer,  may  it  not 
#e<!asionally  be  employed  as  a  chemical  test  of  eleclrici^, 
while  the  production  of  acid  and  aftali,  affected  by  still  ia^ 
riar  degrees  of  electricity  to  those  required  for  the  coagulatioa 
of  albinnen,  may  likewise  be  regarded  as  auxiliary  tests  on 
such  occasions  ? 


On  Am  DwraiMm  cf  Voiuniofy  Acdon;  an  Ae  Origin  of 
Sea  Sickness;  tmd  an  the  Adwmtage  derived  firam  ruSng, 
and  other,  Modes  of  Gestation^  in  assisting  the  MeaUh  under 
.  various  JCireumstances.    By  Dr.  Wollastcn. 

In  speaking  of  the  duration  of  muscular  power,  he  observes, 
that  each  effort,  though  apparently  single,  consists  in  reality 
of  a  number  of  contractions  repeated  at  extremely  short  in- 
tervals, so  short  that  the  intermediate  relaxations  cannot  be 
vkible,  unless  prolonged  beyond  the  usual  limits  by  a  state  of 
partial  or  general  debility.  The  existence  of  these  alteraate 
notions  he  infers  fW>m  a  sensation  perceptible  upon  inserting 
the  extremity  of  tiie  finger  into  the  ear,  because  a  soiiad  is 
tiien  perceived  which  resembles  that  of  carrii^es  at  a  dis- 
tatfce  passing  rapidly  over  a  pavement,  and  their  freqaency 
he  Mtimates  at  twenty  or  thirty  in  a  second.  -^ .       .     . 
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The  doctor  was  led  to  the  intestigatfoii  ef  the  leause  of 
defr-ifickness  from  what  he  himself  experienced  in  a  vojt^ 
He  first  observed  a  pectdiarity  in  his  mode  of  rei^piratiOni 
^ividently  comiected  with  the  motion  of  the  vessel*    The 

eincipai  uneasiness  is  felt  during  the  si^idence  of  the  vessel 
'  Che  sinking  of  the  wave  on  which  it  rests.    It  is  duiring 
dtiis  subsidence  that  the  blood  has  a  tendency  to  ^ss  wHIi 
unusual  force  upon  the  brain.    This  fact  is  elucidated  by 
reasoning,  and  by  what  is  known  to  occur  in  the  bturometer^ 
^hich,  when  cvried  out  to  sea  in  a  cahn,  rests  at  the.  same 
height  at  which  it  would  stand  on  the  shore  ;  but  when  the 
afaip  falls  by  the  subsidence  of  the  wave,  the  mercury  is  seen 
apparently  to  rise  in  the  tube  that  contains  it,  because  a 
portion  of  its  gravity  is  then  employed  in  occasioning  its 
descent  along  mith  the  vessel ;  and  accordingly,  if  it  were 
confined  in  a  tube  closed  at  bottom,  it  would  no  longer 
^ress  with  its  whole  weight  upon  the  lower  end.    In  the  sam* 
fhanner,  and  for  the  same  reason,  the  blood  no  longer  pressea 
downwards  with  its  Whole  weight,  and  will  be  driven  upwards 
by  the  elasticity  which  be^yre  was  merdy  sufficteni:  to  support 
it*    The  sickness  occasioned  by  swinging  may  foe  explauied 
la  the  same  way.    It  is  in  descending  forwards  that  this 
iehsation  is  perceived,  for  then  the  blood  has  the  greatest 
tendency  to  move  from^e  fbet  towards  liie  head,  since  the 
line  joimng  them  is  in  tW  direction  of  lite  motion ;  but  when 
ihe  descent  is  backwards,  and  the  motion  is  trmsirerse  to  ^tiie 
line  of  the  body,  it  occasions  little  inconvenienoe,1)ecau8e  the 
tendency  to  propel  the  blood  towards  the  head  ia  Inecmaideiw 
able.    Dr.  Wollaston  thinks  that  the  contents  of  the  intestines 
are  also  affected  by  the  same  cause  as  the  blood ;  aiid  if  these 
have  any  direct  disposition  to  regurgitate,  this  consequence 
will  be  in  no  degree  counteracted  by  the  process  of  respiration. 
*^In  thus  referring,"  says  our  author,  "  tHe  sensations  of  sea- 
sickness in  so  great  a  degree  to  the  agency  of  naere  mechanical 
pressure,  I  feel  confirmed,  by  considermg  the  consequence 
of  an  opposite  motion,  which,  by  too  quickly  withdrawiti^ 
blood  from  the  head,  occasions  a  tendency  to  feint,  or  that 
approach  to  fainting  which  amounts  to  a  momentasy  gtddi* 
ness  with  a  diminution  of  muscular  power. 

His  explanation  of  the  effects  of  external  motion  upon  the 
drculalion  of  the  blood  is  founded  upon  «  part  of  the  stmo 
ture  observable  m  the  venous  S3r8tem.  The  valves  iallo#  a 
free  passage  to  the  blood,  when  propelled  forward  by  any 
motion  that  assists  its  progress ;  but  they  oppose  an  immediate 
^tacle  to  such  as  h£;ve  a  contrary  tendency.    The  droulaliOB 
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»  cagmoqaei^tfy  helped  isrwurd  bjrefapy  degree  of  geolte 
agitation.  The  heart  is  siiqpported  m  aD j  laborious  effinrt^;  k 
k  assisted  in  the  sreat  work  of  restoring  a  system,  which  has 
reoentlj  struggled  with  some  violent  attack ;  or  it  is  allowed 
as  it  were  to  rest  from  a  labour  to  which  it  is  unequal,  when 
the  powers  of  life  are  nearly  exhausted  by  any  lingering 
disorder.  In  the  relief  thus  luForded  to  an  organ  so  essential 
to  IHe,  all  other  vital  functions  most  necessarily  participate^ 
imd  the  offices  ef  secretion  and  assimilation  will  be  promoted 
during  such  comparative  repose  from  laborious  e&ertion. 


On  the  Old  Age  and  Decay  of  TreeSn    By  Mr.  Knight, 

'  Thb  roots  of  trees,  particularly  those  in  coppices  which  are 
jlelled  at  stated  periods,  continue  so  long  to  produce  and  feed 
a  succession  of  brandies,  that  no  experiments  were  required 
to  prove,  tliat  it  is  not  any  defective  action  of  the  root  which 
occasions  the  debility  and  diseases  of  old  varieties  of  the 
^>ple  and  pear-tree.    Having  formerly  adduced  arguments, 
which  are  uncontradicted,  to  show  that  the  sap  of  plants  cii^ 
culates  through  their  leaves  as  the  blood  of  animals  circulates 
dirough  their  lungs ;  and  having  also  shown  that  grafred  trees 
of  old  and  debilitated  varieties  of  fruit  became  tiiost  diseased 
in  rich  soils,  and  when  grafted  on  sl^ks  of  the  most  vigorous 
growth,  which  led  him  to  suspect  that  in  such  cases  morefeod 
18  collected  and  carried  up  into  the  plant  than  its  leaves  can 
prep^e  and  assimilate ;  and  the  matter  thus  collected,  which 
would  Imve  promoted  the  health  and  growth  in  a  vigorous 
variety,  accumulates  and' generates  disease  in  the  extremities 
of  the  branches  and  annual  shoots,  while  the  lower  psotof  ^e 
trunk  and  roots  remain  genially  free  from  any  appar^it  di9> 
ease; — he  hence  attributes  the  diseases  and  debility  of  old 
a^e  in  trees  to  an  inabflit^  to  produce  leaves  which  can  effi*. 
dently  execute  their  natural  office,  and  to  some  consequent 
imperfection  in  the  circulating  fluid.    It  is  said,  that  the  leaves 
are  annually  reproduced,  and  are  therefore  annually  new ;  but 
there  seems  to  be  an  essential  difference  between  the  new 
leaves  of  an  old  and  of  a  young  variety ;  and  it  is  certain,  that 
tills  external  character  of  the  leaf  of  the  same  variety  at  two, 
and  at  twenty,  years  old,  is  very  dissimilar ;  and  therefore  to 
Mr.  Kuight  it  appears  not  improbable,  that  further  changes 
w^l  have  taken  place  at,  the  end  of  two  centuries.     "  If,"  says 
he,  «  these  opinions  be  well  founded*  and  the  leaves  of  trees 
be  analogous  to  tlje  lungs  of  animals,  is  it  improbable  that  the 
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^Observations  upon  lumiwms  Animals,  By  Mr,  Macartney^^ 
The  zoophite  is  tiie  most  splendid  of  the  luminous  inhabil* 
apts  of  the  ocean.  The  flai&es  of  light  emitted  during  ita 
contractMMts  are  so  vivid  as  to  afiect  the  sight  of  the  spectatoi:* 
The  Iwninous  $tate  of  the  sea  betvre^a  the  trq)ics  is  generally 
accompanied  with  the  appearance  of  a  great  number  of  marine 
animals,  of  various  kinds,  upon  the  surface  of  the  water.  In 
the  Arabian  Sea  have  been  seen  several  luminous  spots  in  the 
water,  and  when  the  animals,  supposed  to  be  the  cause  of  them, 
were  examined,  they  were  found  to  be  insects  about  the  third 
of  an  inch  in  lengthy  resembling  in  appearance  the  wood-Ipuse* 
The  insect)  when  viewed  with  the  microscope,  seemed  to  be 
formed  by  sections  of  a  thin  crustaceous  si^stance.  During 
the  time  that  any  fluid  reamined  in  the  animal,  it  shone 
brilliantly  like  the  fire^fly. 

.  He  notices  manj  others  that  have  from  time  to  time  come 
under  his  inspection :  one  of  these>  which  he  denominates 
tlie  beroe  fulgens,  is  a  very  elegant  creature,  changing  its  colour 
between  purple>  violet,  and  pale  blue ;  the  body  is  truncated 
before  and  pointed  behind;  but  the  exact  form  is  difficult  to 
^ig%  as  it  is  varied  by  ^particular  contractions  at  the  animal'a 
]^eagure«  When  this  insect  ^wam  gently  near  the  surface  of 
tbe  water,  its  whqle  body  became  occasionally  illuminated  in 
a:  slight  degree :  during  its  contractions  a  stronger  light  issued 
from  the  ribs,  and  when  a  sudden  sho^k  was  communicated  to 
the  water,  in  which  several  of  these  animals  were  placed,  a  vivid 
flash  was  thrown  out.  If  the  body  were  broken^  the  fragment 
continued  luminous  for  several  seconds,  and  being  rubbed 
on  the  hand,  lefl  a  light  like  that  of  phosphorus ;  this,  however, 
as  weU  as  every  other  mode  of  emitting  lights  ceased  after  the 
death  of  the  animal.  Mr.  Macartney,  having  noticed  many 
Other  species,  says,  that  his  own  observations  lead  him  to  con* 
dude,  that  the  medusa  scintillans  is  the  most  frequent  source 
of  light  of  the  sea  round  this  country,  and  likewise  in  othe^ 
parts  of  the  world. 

We  are  next  informed,  that  the  remarkable  pr<^e?ty  of 
emitting  light  during  life,  is  only  met  with  among  a^mals^  of 
the  four  last  classes  of  modem  naturalists,  viz.  moUusca,  insects^ 
worms,  and  zoophytes.  The  moUusca  and  worms  contain 
each  but  a  single  species;  the  pholas  dactylus  in  the  one,  and 
nereis  noctiluca  in  t^e  other.    Some  species  yield  light  ifi  thfi 
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#i^  ftUoiriag  genera  of  inneH  W'chAer,!^ 
piuuMia,  scolopfoidia,  cancer^  lynoensy  and  IIdekeum.  Thm  ki^ 
mmolM  species  of  the  genera  lampyria  aid  ftdgora  nre  more 
numerous  than  is  generalljr supposed.  Among  thenx^phytes^ 
the  genera  medusa^  beroe,  and  pennatida,  contain  ^pteies 
which  afford  light.  The  only  animab  thait  appear  to  possess 
a  .distinct  ocganiwtian  for  the  prodnetion  of  tight,  are  ikt 
luminous  species  of  lampyris,  elater,  fu^ora,  and  paussos* 

Hie  %1^  of  the  kmpjrndes  proceeds  from  some  of  the  last 
lingt  of  Oie  abdoMHs,  whidi,  when  not  ilhnninated,  are  ci  A 
yeiW  colour*.    The  mnnber  of  Inmhious  rings  varies  in  «K^ 
farent  species^  and»  as  it  seems,  at  diffisrent  periods  in  the 
same  individual.    Besides  this  lumnious  substance  tiiere  ere^  in 
thecoBunon  gloiTovarmy  on  the  tnnerside  of  the  kst  abdomnid 
lingy  two  bo£es»  whidi  to  the  naked  eye  appear  more  nunute 
than  the  head  of  the  smallest  pin.    They  wte  lodged  in  tim 
sli^  dej[Nressions»  formed  in  tihe  shell  of  the  rhig,  which  is  at 
th«te  pomts  piu^cularly  transpareat.    These,  when  exasninec^ 
were  found  to  be  sac8»  and  cont«n  a  soft  yeUow  substance 
The  light  that  proceeds  from  these  sacs  is  less  under  the  c(m- 
trolof  the  insect  than  that  of  the  luminoiis  substance  spread  on 
the  rings :  it  is  seldom  entirely  extinguiiAied  in  the  season  that 
Htke  glow-^worm gii^s  light,  even  during  the  day;  and  when 
ail  tlve  other  rings  are  daric,  th^e  sacs  G^en  ^hae  brigh^y. 
In  all  the  disseotioaa  imade  by  M^Marcartney  of  luminous 
insects,  he  did  not  find  that  the  organs  of  light  were  better^ 
or  di&r^cLtly  supplied  widi  either  nerved  or  air-tubes^  iha» 
other  pfflrts  jq€  the  body.    The  power  of  emitting  Hght  like^ 
wise  exists  in  some  creatm'es  which  want  nerves ;  a  cSrctnn- 
stance  tliat^Btrongly  marks  the  difference  between  anirtial'l^ 
and  animal  electricity.    In  general,  the  exhibition  of  light,  m 
animals,  depends  li^Km  the  presence  of  a  fluid  matter,  which 
in  some  iostances  is  confined  to  particular  parts  of  the  body. 
and  in  others  is  diffused  throughout  the  whole  substance  of 
the  animal. 

The  i»opertpf^  of  emitting  light  is  confhied  to  animals  of  the 
simplest  oiganizaltoa,  the  greatca*  number  of  whidi  are  iiiha* 
bitantrof  theaea.  The  luminous  property  is  not  constant, 
but.  in  general  exists  only  in  certain  periods  in  particular 
stales  of  the  animal  body.  The  power  of  showing  ligiit  re- 
sides  in  a  perticolar  substance,  or  fluid,  which  is  sometimd 
situated  in  a  particular  organ,  and  in  others  diffused  throci^h* 
oat  the  waimai's  body.  The  light  is  difierently  regulated 
Vfhen  the  lununous  maUor  ^cists  in  the  living4)ody,  and  when 
it  ie  rfwttacted  fjfom  it.    In  the  first  case  it  is  intehnittmg 
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wiidi  perimis  of*  durknets,  ii  ettnonmily  ^mducftd  or  mcreAidl 
by  a  muscular  effort,  and  k  sometiaies  idisdulelj  dependetil 
upon  the  will  of  tlie  urimaL  In  the  second  case,  tiie  lu* 
inmou»  ai^earaooe  b  usualty  pennanenty  until  it  becomes  ex* 
tiacti  after  which  it  may  be  restored  cUreetly  by  fiiction^  con* 
l^uaaioBy  and  the  appMcatieB  of  warmth,  which  last  causea 
OjPferiate  on  the  lummous  natter  only  indirectly  by  exciting 
toe  aninxaL 

The  luminous  matter,  in  all  situations,  is  incombustible^ 
fnd  loa^  the  qualii^  of  emitting  light  by  being  dried,  or  much 
heated*  The  exhibition  ci  %ht^  however  long  it  may  be 
continued,  causes  no  diminution  of  the  bulk  of  the  luminous 
idatten  It  does  not  requke  the  presence  of  pure  airy  and  is 
not  extinguished  by  other  gases.  The  luminous  appearance 
of  living  animals  is  not  exhausted  by  long  continuanct ,  or  fre* 
fluent  repetitions,  nor  accumulated  by  exposure  to  natural 
%ht :  it  is  therei^we  not  dc|>eodeiit  upon  any  fove^jD  source^ 
but  inil^res  as  a  prc^tty,  in  a  peculiarly  argamaed  ^lumal  wb* 
stance,  or  fluids  and  is  regulated  by  the  same  laws  wl^ich  govern 
aU  other  functions  of  living  beings.  The  light  of  the  sea  is 
always  produced  by  living  animals,  and  most  firf quently  by 
the  {>resence  of  tlie  medusa  sdntiUans.  When  sveat  numbers 
p£  this  species  approach  the  sur&ce,  they  sometimes  coalesce, 
and  cause  that  snowy  or  milW  appearance  of  the  sea,  wbidi 
19  so  alarming  to  navigiKtors.  These  animali^  when  eongr^ated 
on.the  surface  of  the  water,  can  produce  a  6a«)l  o£  light .^lOce 
^  deotric  corruscation.  The  lttmiiUMis{S'i^l^er|y  does  not  ap^ 
pear  to  have  any  connection  with  the  eoonomjr  of  the  anhnals 
that  possess  it>  except  in  flying  insects,  which  by  that 
means  discover  each  ower  at  n^t,  lor  the  purpose  of  sexual 
ooDgress* 

Account  of  aVegetabk  Wax  from  Brazil.  J^y  TT.  T.BRAiwii* 
The  vegetable  wax  described  in  this  paper  is  said  to  be 
the  production  of  a  tree  of  slow  growth,  oilled  by  the  natives 
CarmidMh  which  pnodiices  a  gum  used  as  food  for  maii» 
^4  another  substance  ^x^lojred  for  fattenmg  poultry*  If 
tbis  article  can  be  |»rociured  m  abimdaaoe,  it  may  become 
a  valuaUe.  addition,  to  the  comforts  of  mankind^  by  redoc*^ 
vfig  the  price  and  improving  the  quality  of  candles,  flam<> 
l^eaux,  &C 

The  wax,  in  its  rough  state,  is  m  the  form  of  a  coarse  grey 
ponder,  soft  ta  the  touch,'  and  mixed  with  various  im^urities^ 
which,  when  separated  by  a  sieve^  amount  to  dt^mt  40  per 
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cent.    It  has  ao  agreenble  atoir,  mnewliait  resemMiBg  maw 
ha/»  but  scarcely  aaj  ta«ta. 

At  206^  of  Fahr.  it  enters  iato  per&ct  fusion,  and  saajr 
then  be  further  purified  bj  pa^suig  it  through  fine  lineB :  i^ 
then  acquires  a  dirty-green  colour,  and  its  peculiar  smell  be-^ 
eomes  more  evident.  When  cold,  it  is  moderately  luod  md 
brittle :  its  specific  gravity  is  98a 

Although  the  vegetable  wax  possesses  the  chaf^ctensde 
properties  of  bees'-waxi  it  differs  firom  that  substance  in  many 
ofits  chemical  habitudes.  It  also  differs  firom  the  oth^  irwrieliea 
of  wax;  namely,  the  wax  of  the  myrica  cerifeia,  of  lac,  and 
of  white  lac 

Ferhi^  the  most  important  part  of  the  present  enquiry  is 
that  which  relates  to  die  combustion  o£  tins  wax  in  tne  foim 
cf  candles.  The  trials  which  have  been  made  to  ascertain  its 
fitness  for  this  purpose  are  very  satis&ctory.  Hie  addBtaon^ 
it  am>ear8,  of  firom  one»eighth  to  mie-tenth  part  c^  taUow  is. 
somcient  to  obviate  the  littleness  oi  the  wax  in  its  pore 
state,  without  producing  any  unpleasant  effect. 


J^arraHvt  of  the  Eruption  of  a  Volcano  in  the  Sea  qff*  ti^ 

Island  of  St.  MichaeL    iy  S.  Tillasj^  Esq.  Ctgpfai^  in 

the  Soyal  Navy. --11812.2 

Approachino  the  island  of  St.  Michad,  on  Sunday  f3» 
12th  of  June,  1811,  in  his  Mi^eslr^'s  sloop  Sadbrkia,  under'mgr 
command,  we  occasionally  observed,  rtsii^  in  the  horEeiuit 
two  or  three  colunms  of  smoke,  sudli  as  wonld  have  beoi 
occasioned  by  an  acti«Qi  between  two  i^ip%  to  wh^  cause 
we  universally  attributed  its  origin.  This  opinion  was,  how* 
ever,  in  a  very  short  time  dianged,  fi'smi  the  smoke  lalcieM^ 
ing  and  ascending  in  tnuch  lar^  bocties  than  could  possQ)^ 
have  been  produced  by  such  an  event ;  and  having  Jaeutd  an 
account,  prior  to  our  sailing  firom  Lisbon,  that  in  the  pre* 
ceding  Janittiy  or  February  a  vdicano  had  burst  out  wi&in 
the  sea  near  St.  Michael's,  we  immediately  concluded  that 
the  smoke  we  s«w  proceeded  firom  that  causey  Und,  on  our 
jemchorii^  the  next  mommg  in  the  road  of  Ponta  dd  Gada» 
we  finmd  this  conjecture  correct  as  to  the  cause,  but  not  to 
the  time ;  the  eruption  of  January  htwring  totally  sobsidedf 
and  the  present  one  having  only  bmat  finth  two  days  prior  to 
our  approach,  and  about  three  miles  distant  firom  the  oao 
before  alluded  to. 

Desirous  of  examining  as  minutely  as  possible  a  contention 
•o  extrawdinary  between  two  such  powerful  elements,  i  mt 
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<j!P  llr«m  the 'city  of  Pbnta  del  Oada  bft  tfie  morning  of  the 
14th,  in  company  with  Mr.  Read,  the  consul  general  of  the 
Ascires,  and  two  otJier  gentlemen.  After  riding  about  twenty 
.miles  across  the  N.W.  end  of  the  island  of  St.  Michael's,  we 
came  to  the  edge  of  a  diff,  irom  whence  the  volcano  burst 
j^oddenly  upon  our  view  iiT  the  most  terrific  and  awful 
grandeur.  It  was  only  a  short  mile  from  the  base  of  the 
^^9  whteh  was  neaify  perpendicular,  and  formed  the  margb 
ftf  die  sea ;  this  cliff  being,  as  nearly  as  I  could  judge,  from 
Miree  to  four  hundred  feet  high.  To  give  you  an  adequate 
idea  of  the  scene  by  description  is  far  beyond  my  powers; 
but  for  your  satis&ction  I  shall  attempt  it. 

Imagine  an  immense  bodv  of  smoke  rising  from  the  sea, 
llie  suHace  of  which  was  marked  by  the  silvery  rippling  of  the 
W8v«8,  oocasioned  by  the  l^t  and  steady  breezes  incidental 
to  those  climates  in  summer.  In  a  quiescent  state,  it  had  the 
Mfp(t6rmce  of  a  circular  doud  revolving  on  the  water  like  an 
iHNiuoiktBl  wheel,  in  various  and  irregular  involutions,  expand- 
mg  itself  gradu^y  on  the  lee  ttde,  when  suddenly  a  column 
of  the  bl^kest  cinders,  ashes,  and  stones,  vrould  shoot  up  in 
form  of  a  spire  at  an  angle  of  from  ten  to  twenty  degrees 
fh>m  a  perpendicular  line,  the  angle  of  inclination  being 
Universally  to  windward;  this  was  rapidly  succeeded  by  a 
second,  third,  and  fourth,  each  acquu-mg  greater  velocity, 
and  overtopping  die  other,  till  they  had  attained  an  tddtucte 
an  mucih  above  the  level  of  our  eye,  as  the  sea  was  below  it. 
,  As*  the  impetua  with  which  the  columtts  were  severalty 
panspelled  dimimehed,  and  their  asceikling  motion  had  nearty 
oeased,  th^  broke  into  various  branches  resembling  a  group 
of  pbea ;  these  again,  forming  themselves  into  festoons  of 
whke  fieathacy  smdce  in  the  most  &nciftil  manner  imagin^dile^ 
infemnxed  with  the  £nest  particles  of  ftlling  ashes,  whiqh 
at  one  time  assumed  the  ameftranee  of  mnumerable  plumes 
of  hiack  and  white  ostrich  feathers  surmountmg  «ach  other  $ 
at  anoih^  4hat  of  the  light  wavy  branches  of  a  weeping 
wfllow. 

During,  these  bursts,  the  most  vivid  flashes  of  lightnii^ 
Cfffttimially  issued  from  the  densest  part  of  the  volcano ;  and 
thejcloiidof  soioke,  now  aacendmg  to  an  altkude  mueh  ebovte 
the  hig^iest  pmnt  to  which  the  ashes  w«re  projected,  rolled 
cS  is  large  masses  of  fleecy  douds,  gradually  expanding 
themselves  before  the  wind  in  a  directi(m  nearly  horiaontlii, 
and  drawii^  up  to  them  a  quantity  of  water-spouts,  which 
fsnned  a  most  beauttfui  and  strycing  addition  to  the  general 
apfHearance  of  die  seene.  ^        . 
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Tkat  part  of  the  sea  whare  the  veicano  was  siteatcA  was 
^^vwcb  of  thirty  fitthomt  deep,  and  at  the  tone  €xf  our  wir- 
ings it  the  volcano  was  only  four  days  old.  Soon  after  oar 
4irrlval  on  the  cliffy  a  peisaa^t  obscSnred  he  codkl  diacem  « 
^peak  above  th^  water;  we  looked,  birt  coold  not  aee  k: 
however,  in  leas  than  half  an  hour  it  was  f^ainly  vihMo^  and 
before  we  quitted  the  place,  whi<^  was  about  three  faooB 
from  the  time  of  our  arrival,  a  complete  crater  was  formed 
above  the  water,  not  less  than  tweoty  feet  high  on  tbeside 
where  the  greatest  quantity  of  ashes  ft^ ;  the  <uaineter  of  tiie 
•crater  being  apparently  about  four  er  five  hundred  feet. 

The  great  eruptions  were  generally  attended  with  a  nasK 
like  the  continued  firing  of  caanon  ana  musquetvy  iatennixed, 
as  also  with  slight  slicks  of  enrthquidkes,.  sevend  ef  wfateh 
having  been  felt  by  ni3r  companions,  but  Btms  by  mjad^  I 
had  beoome  half  sceptical,,  and  thoagbi:lliek  opiniaii  arose 
jgaerely  fi*om  the  A^rce  of  imagination ;  but  wlufe  we  w«r 
sitting  within  five  or  six  yards  of  ihe  edge  of  the  ^SE,  par» 
Idung  of  a  slight  repast  which  had  been  loaroi^t  with  as,  aai 
iwere  all  busily  engaged,  oae  of  the  most  magnificent  faorati 
took  place  which  we  had  yet  witnessed,  accompanied  hya 
very  severe  shock  of  an  earthquake.  The  instantaneoaa  and 
iuivoluntary  movement  of  each  was  to  ^iag  upon  Ida  feel^ 


and  I  said,  <<  This  admits  of  no  doubt,"  The  words  had  i 
{Nttsed  my  lipa^  before  we  observed  a  large  portion  of  the  feoe 
of  the  cm,  ^out  fifty  yardis  on  our  left,  fiJling^  which  it  did 
with  a  violent  crash.  So  soon  as  our  ^t  ofmstemaCson  had 
B>  little  subsided,  we  removed  aboat  ten  w  a  doaoi  yards 
further  from  the  edge  of  the  cliff,  and  finished  our  dinner* 

On  the  succeeding  day,  June  15th,  having  the  CoiMnil  and 
some  other  ftieads  on  board*  I  weighed,  and  proceeded  wilii 
the  ship  towards  the  voloano,  with  £e  intention  efwitimsim 
a  night  view ;  but  in  this  expeotatioa  we  were  gready  dis- 
appointed, firom  the  wind  fi^eshening  and  the  wea<her  beeom* 
li^  thidc  and  hazy^  and  also  &om  the  voloano  kaM  faeiag 
clearly  more  quiescent  than  it  was  the  preceding  day. 

On  opening  the  volcano  dear  of  the  N.W.  part  of  the 
island,  after  dark  on  the  16th,  we  witaessed  one  cmt  two 
^ouptions  that,  had  the  ship  been  near  enoa^h,  would  have 
been  awfiilly  gnmd.  It  appeared  one  contuiued  blase  of 
lightning;  but  the  durtaacewhidi  it  was  at  firom  the  ship 
(upwards  of  twenty  miles)  prevented  our  seeing  it  with  eflboL 
Ketuming  again  towards  St.  Michaers,  on  the  fourth  of  Juhr, 
{was  oUiged,  bythe  state  of  the  wincC  to  pass  with  the  ship 
very  close  to  the  island,  which  was  now  conipletely  fbrmed 
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by  ^6  volcftno,  beiiig  neavly  tibe  height  of  Matlcx^  Ifigh  Tor« 
idsont  eighty  yards  above  tilie  sea.  At  this  time  it  was 
perfbctly  tranquil;  which  dfoumstance  determined  me  to 
land,  and  explore  it  more  naivewly*  <<  I  leH  the  Mp  in  one 
of  the  boats,  aooon^mnied  by  seme  o€  die  officers.  As  we 
approtohed,  we  perceived  thai  it  was  still  smoking  in  many 
parts,  and,  upon  our  reaching  the  island,  found  the  mrf  on  tha 
beach  very  high.  Rewmg  round  to  the  lee  side,  with  some 
little  cKfficulty,  bv  liie  aid  of  an  oaf,  as  a  pole,  I  jumped  on 
shore,  and  was  Allowed  by  the  other  officers.  We  muiid  a 
marrow  beach  of  Uack  adfies,  from  which  the  side  of  tbot 
island  rose  in  general  too  steep  to  admit  of  our  ascendmg ; 
ftnd,  where  we  could  have  claad^ed  up,  the  mass  of  matter 
was  mudi  too  hot  to  ldk>w  our  proceeding  more  than  a  £&Kf 
yards  in  the  ascent. 

-^  The-  declivity  below  the  suirface  of  the  sea  was  equally 
aiteep,  having  seven  &thoms  water  scarce  the  boat's  length 
from  the  shore,  and  at  the  distance  €£  twentv  or  thirty  yma 
i^e  sounded  twenty-five  fathoms*  From  wsuking  round  it  b\ 
iri)out  twelve  masutes,  I  should  ^idge  that  it  was  something 
less  than  a  mile  m  circumtoence ;  bat  the  most  extraordmary 

r\  was  the  crater,  the  mouth  of  which,  on  the  side  facing 
Michad^s,  was  nearly  level  with  the  sea.  It  was  filled 
"With  water,  at  that  time  boiling,  and  was  emptying  itself  into 
the  sea  bfr  a  small  stream  about  six  yards  over,  and  by  which 
I  should  suppose  It  was  contimudly  Med  again  at  hi^  trater. 
This  stream,  close  to  the  edge  of  the  sea,  was  so  hot,  as  enly 
to  admit  the  finger  to  be  dipped  suddenly  in,  and  taken  out 
^^n  immediately. 

It  appeared  evident,  bv  the  formation  of  this  part  of  the 
island,  tlttt  the  sea  had^  during  the  eruptions,  broke  into  the 
crater  in  two  places,  as  the  east  side  of  the  small  stream  waa 
bounded  by  a  precipice,  a  cliff  between  twenty  and  ^ir^ 
^  feet  high  formmg  a  peninsula  of  about  the  same  dimrasions 
^  in  width,  and  from  fifty  toi  sixty  feet  long,  connected  with  the 
other  part  of  the  island  by  a  narrow  rid^  (^.cinders  and  lava, 
as  an  isthmus  of  from  forty  to  fifly  feet  m  length,  firom  which 
the  crater  rose  in  the  form  of  an  amphitheatre. 

This  diff,  at  two  or  three  miles  distance  firom  the  island, 
had  the  appearance  of  a  work  of  art,  resemblii^  a  small  fort 
er  Uock«hou8e.  The  top  of  this  we  were  determined,  if 
possible,  to  attain ;  but  the  difficul^  we  had  to  encounter  in 
doing  so  was  considerable :  the  only  way  to  attempt  it  was 
up  the  side  of  the  isthmin,  which  was  so  steep,  tliat  the  only 
mode  by  whidi  we  ceidd  efiect  it,  was  by  fixing  the  efid  of 
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aft  oar  at  the  base,  with  the  assistance  of  which  we  £9Roed 
oiiiseives  up  in  nearly  a  backward  direction. 

Having  reached  the  summit  of  the  isthmus,  we  found 
another  dfficulty,  for  it  was  impossible  to  walk  upon  it,  as 
the  descent  on  die  other  ^de  was  immediate,  and  as  steep  as 
tbe  one  we  had  ascended ;  but,  by  throwing  opr  le^  across 
it,  as  would  be  done  on  the  ridge  of  a  hou^>  and  moving 
ourselves  forward  by  our  hands,  we  at  lengtli  reached  that 
part  of  it  where  it  gradually  widened  itself  and  formed  the 
summit  of  the  cliff,  which  we  found  to  have  a  perfectly  Bat 
surface,  of  the  dimensions  before  stated.  Judging  this  to  be 
the  most  conspicuous  situation,  we  here  planted  the  Union, 
and  lefl  a  bottle  sealed  up  containing  a  small  account  of  the 
origiB  of  the  island,  and  of  our  having  landed  upon  it,  and 
naming  it  Sabrina  Island.  ^^^ 

'  Witiin  the  crater  I  found  the  complete  skeleton  of  a  guard 
fish,  the  bones  of  which,  bemg  perfectly  bun^t,  fell  to  pieces 
i^on  attempting  to  take  them  up ;  and,  by  th^  account  of 
the  inhabitants  on  the  coast  of  St.  Michaers,  great  numbers 
of  fish  had  been  destroyed  during  the  early  part  of  the  en]|k* 
tion,  as  large  quantities,  probacy  suffocat^ed  or  poisoned 
were  occasionally  found  drilled  into  the  small  inlets  or  bays. 
The  island,  like  other  volcanic  productions,  is  conq>osed 
principally  of  porous  substances,  and  generally  burnt  to 
complete  cinders,  with  occasional  masses  of  a  stcme,  whidi  I 
iriiould  suppose  to  be  a  mixture  of  iron  and  lime-stone^ 


Bq^erimenU  on  Poisons  of  the  Mineral  Kingdom.  By  Mr. 
Bboj)ie.  —  [IS12J] 
Eacperimenis  with  the  Woorara,  —  In  an  experiment,  I 
succeeded  in  recovering  an  animal,  which  was.  appareQtIjr 
dead  from  the  infiuence  of  the  essential  oil  of  bitter  almond^ 
by  continuing  respiration  artificially  .until  the  impression  of 
tne  poison  upon  the  brain  had  ceased ;  but  a  sin^Iar  experi- 
ment on  an  animal  under  the  influence  of  the  woorara  was 
|»ot  attended  with  the  same  success. 

On  the  Effects  afArsenic*  —  When  an  animal  is  killed  hy 
arsenic  taken  internally,  the  stomach  is  found  bearing  mar^ 
of  inflammation. 

.  But  in  whatever  way  the  poison  is  administered,  the  in- 
flammation is  confined  to  the  stomach  and  intestines ;  I  have 
never  seen  any  appearance  of  it  in  the  pharynx  or  oesophagus. 
The  symptoms  produced  by  arsenic  may  be  referrea  to  the 
influence  of  the  poison  on  the  nervous  system,  the  hearty  aq4 

Digitized  by  VjOOQ  IC 


BRODIE  ON  MINSRAL   TOiSOS^  dSl 

the  alinientary  canal.  As  of  these  the  two  ^rmer  only  aci 
concerned  in  those  functions  which  are  directly  necessary  to 
life,  and  as  the  alimentary  canal  is  often  affected  mily  in  a 
slight  degree,  we  must  consider  the  affection  of  the  heart 
and  nervous  systems  as  being  the  immediate  cause  of  death. 

In  every  experiment  which  I  have  made  with  arsenic,  there 
were  evident  marks  of  the  influence  of  the  poison  on  all  the 
organs  which  have  been  mentioned ;  but  they  were  not  in  aH 
cases  affected  in  the  same  relative  degree.  In  the  dog,  ^ 
affection  of  the  heart  appeared  to  predominate  over  diat  of 
the  brain ;  and  on  examining  the  thorax  immediately  ailer 
death,  this  organ  was  found  to  have  ceased  acting,  and  in  a 
distended  state.  In  the  rabbit,  the  affection  of  the  brain 
appeared  to  predominate  over  that  of  the  heart,  and  the  latteit 
was  usually  found  acting  slowly  and  feebly,  after  the  function* 
of  the  brain  had  entirely  ceased.  In  the  rabbit,  the  effects 
of  ^e  arsenic  on  the  stomach  and  intestines  were  usually 
less  than  in  carnivorous  animals. 

llie  action  of  arsenic  on  the  system  is  less  simple  thui  that 
of  the  majority  of  Vegetable  poisons.  As  it  acts  on  different 
organs,  it  occasions  different  orders  of  symptoms ;  and  as  the 
affection  of  one  or  another  organ  predominates,  so  there  is 
gome  variety  in  the  symptoms  produced  even  in  individual 
animals  of  the  same  species. 

In  animals  killed  by  arsenic,  tihe  blood  is  usually  found  flui4 
in  the  heart  and  vessels  after  deatl^ ;  but,  otherwise,  all  the 
morbid  appearances  met  vfiih  on  dissection  are  coii&ied  to 
the  stomacn  and  intestines. 

Experiments  with  the  MyHaU  c^BarrgUs.  —  When  barytei 
is  taken  into  the  stomach,  or  applied  to  a  wound,  it  is  capable, 
of  destroying  life ;  but,  when  in  its  uncombined  state,  its 
action  is  very  slow.  The  muriate  of  barytes,  which  is  mu<^ 
more  soluble  than  the  pure  earth,  is  (probably  on  thia. 
account)  a  much  more  active  poison. 

On  the  Effects  of  the  Emetic  Tartar.-^  The  effects  of  the. 
emetic  tartar  so  much  resemble  those  of  arsenic  an4  of 
muriate  of  barytes  in  essential  cik-cumstances,  that  it  ^rouldf 
be  needless  to  enter  into  a  detail  of  fhe  ifidiviiiu^i  ^x* 
periments  made  with  this  poison. 

On  the  Effects  of  the  Corrosive  Subkmate.-^  When  this. 

rison  is  taken  internally  in  very  small  and  repeated  doses,  it 
absorbed  into  the  drculation,  and  produces  oa.  the  system 
those  peculiar  effects  which  are  produced  by  other  prepara- 
tions of  mercury.  If  it  passes  mto  the  circulation  in  larger 
quantity,  it  excites  inflammation  of  some  part  of  4he  alimen* 
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tary  canal,  the  termination  of  which  may  vary  accordiiigly 
as  it  exists  in  a  greater  or  less  degree.  When  tak^i  in  a 
larger  quantity  still,  it  occasions  death  in  a  very  short  space 
of  time.  I  had  found,  that,  if  applied  to  a  wounded  surnccs 
it  produced  a  slough  of  the  part  to  which  it  waa  applied 
without  occasionmg  any  affection  of  the  general  system.  This 
led  me  to  conclude,  that  the  effects  of  it,  taken  mtemallj  and 
in  a  large  quantity,  depended  on  its  local  action  on  the 
atomach,  and  were  not  connected  with  the  absorption  of  & 
bito  the  circulation. 

That  a  sudden  and  violent  injury  of  the  stomach  should  be 
capable  of  thus  speedily  proving  fiatal,  is  not  surprising^  wfaco 
we  consider  the  powerful  sympathy  between  it  and  the  organs 
on  which  life  more  immediately  depends,  and  the  existence 
of  which  many  circumstances  m  disease  daily  demonstrate 
to  us. 

The  facts  which  have  been  stated,  appear  to  lead  to  the  fol- 
lowing conclusions  respecting  the  action  of  the  mineral  poisons 
which  were  employed  in  the  foregoing  experiments :  — 

1.  Arsenic,  the  emetic  tartar,  and  the  muriate  of  barytes, 
do  not  produce  their  deleterious  effects  until  they  have  passed 
into  the  circulation^ 

%  All  of  these  poisons  occasion  disorder  of  the  functions 
of  the  heart,  brain,  and  alimentary  canal ;  but  they  do  not  aff 
affect  these  organs  in  the  same  relative  degree. 

8.  Arsenic  operates  on  the  alimentary  canal  in  a  greater 
degree  than  either  the  emedc  tartar  or  the  muriate  of 
barytes.  The  heart  is  affected,  more  by  arsenic  than  by  the 
emetic  tartar,  and  more  by  this  last  than  by  the  muriate  of 
barytes. 

4f,  The  corrosive  sublimate,  when  taken  internally  in  large 
quantity,  occasions  death  by  acting  chemicallv  on  the  mucous 
membrane  of  the  stomach,  so  as  to  destroy  its  texture  ;  the 
organs  more  immediately  necessary  to  life  being  affected  in 
consequence  of  their  sympathy  with  the  stomach. 

In  making  the  comparison  between  them,  we  observe  that 
the  effects  of  mineral  are  less  simple  than  those  of  the 
genendity  of  vegetable  poisons ;  and,  wheti  once  an  animal  is 
affected  bv  the  former,  there  is  much  less  chance  of  hit 
recovery  than  when  he  is  affbcted  by  the  latter. 
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On   ihe  Motions  of  the   Tendrils  of  Plants.    By  Tbomas 

Andsew  Knight,  Esq.  F.It.S.—llSlS.2 

The  motioiU(  of  the  tendrils  of  plants,  and  the  efforts  thejr 
apparently  make  to  approach  axid  attach  themselves  to  con** 
tiguoua  objects,  have  been  supposed  by  many  naturalists  to 
originate  in  some  degrees  of  sensation  and  perception ;  and 
though  other  naturalists  have  rejected  this  hypothesis,  few  or 
no  experiments  have  been  made  by  them  to  ascertain,  with 
what  prc^riety  the  various  motions  of  tel^ils  of  different 
kinds  can  be  attributed  to  peculiarity  of  organisation,  and 
the  operation  of  external  causes* 

The  plants  selected  were  the  Virginia  a*eeper  (the  ampe* 
lopsis  quinqueifolia  of  Michaux),  the  ivy,  ana  the  common 
vine  and  pea. 

A  plant  of  the  ampelopsis,  which  grew  in  a  garden  pot^ 
wm  removed  to  a  forcing  house  in  the  and  of  May,  and  a 
aingle  shoot  from  it  was  made  to  grow  perpendicularly 
upwards,  by  being  s.iq>ported  in  that  position  bv  a  very  slend^ 
bfiir  of  wood,  to  which  it  was  bound.  The  plant  was  placed 
in  the  middle  of  the  house,  and  was  fully  exposed  to  the  sun ; 
and  every  object  around  it  was  removed  far  beyond  the  reach 
of  its  te»driis.  Thus  circumstanced,  its  tendrils,  as  soon  as 
diey  were  nearly  full  grown,,  all  pointed  towards  die  north,  or 
back  wall,  which  was  distant  about  eight  feet ;  but,  not  meet^ 
Wig  with  any  thing  in  that  direction  to  which  they  could 
attach  themselves,  Uiey  declined  gradually  towards  the  grouncb 
and  ultimately  attached  themselves  to  the  stem  beneath,  and 
die  slender  bar  of  wood. 

A  plant  of  the  same  species  was  placed  at  the  east  end  of 
tjie  house,  near  the  glass,  and  was  in  some  measure  skreened 
^om  the  perpendicular  light;  when  its  tendrils  pointed 
towards  the  west,  or  centre  of  the  house,  as  those  under  the 
preceding  circumstances  had  pointed  towards  the  north  and 
back  wall.  This  plant  was  removed  to  the  west  end  of  the 
house,  and  exposed  to  the  evening  sun,  being  skreened,  as 
in  the  preceding  case,  from  the  perpendicular  light ;  and  ita 
tendrils,  within  a  few  hours,  changed  their  direction^  and 
i^gain  pointed  to  the  cGotre  of  the  house,  which  was  partially 
covered  with  vines.  This  plant  was  then  removed  to  the 
centre  of  the  house>  and  fully  exposed  to  the  perpendicidaff 
light,  and  to  the  sun ;  and  a  piece  of  dark-coloured  paper 
was  placed  upon  one  side  oi  it,  just  within  reach  of  its  ten* 
drils;  and  to  this  substance  they  soon  appeared  to  be  strongly 
Ittricted.  The  paper  was  then  placed  upon  the  opposite  side» 
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imder.  similar  circumttanoety  and  there  it  was  aooa  fiiBowed 
br  the  tendrils.  It  was.  thea  removed,  and  a  piece  of  plate 
glass  was  substituted ;  but  to  this  substance  the  tendrils  did 
not  indicate  any  disposition  to  af^oach.  The  pom^m^^ 
the  glass  was  then  changed,  and  care  was  taken  to  adjust  itf 
turface  to  the  varying  position  of  the  sun,  so  that  the  Ikfat 
reflected  might  continue  to  strUce  the  tendrils,  which  mm 
receded  from  the  glass,  and  appeared  to  be  stroDgljr  repulsed 
by  it 

The  daws  or  dampers  of  the  ivy,  to  experiments  nptm 
which  I  shall  now  proceed,  af^iear  to  be  cortical  proinH 
stons  only ;  but  are  capable  (I  have  reason  to  believe)  ai 
becoming  perfect  roots,  under  favourable  ciwnimstanocs. 
&meriments,  in  every  respect  nearly  similar  to  the  pre- 
eeoing,  were  made  imon  this  plant ;  but  I  found  it  iieoei- 
lary  to  place  the  different  substances,  to  which  I  prc^xised 
that  the  daws  should  attempt  to  attadi  themselves,  almost  kr 
contact  with  the  stems  of  the  plants.  I  observ^  that  the 
daws  of  this  plant  evaded  the  light,  just  as  the  tendrils  of  the 
ampelopsis  had  done  ;  and  that  they  sprang  only  from  such 
parts  of  the  stems  as  were  fully  or  partially  shaded. 

It  appears,  therefore,  that  not  only  the  tendrils  and  danv 
of  these  creeping  dependent  plants,  but  that  their  stems  also, 
are  made  to  rec^e  from  light,  and  to  press  against  the  opaque 
bodies  which  nature  intended  to  support  and  protect  them. 

A  third  set  of  plants  were  trained  almost  perpendiculaih^ 
downwards,  but  with  an  inclination  of  a  few  degrees  towaroi 
the  north :  and  the  tendrils  of  these  permanently  retained 
very  nearly  their  first  position,  reladvdy  to  their  stems  ( 
whence  it  appears'^that  these  organs,  like  we  tendrils  of  the 
ampelopsis,  and  the  claws  <tf  the  ivy,  are  to  a  great  extetti 
uno^  tiie  control  of  light. 

A  few  odier  plants  ot  the  same  spedes  were  trained  in  eadi 
of  the  preceding  methods ;  hot  proper  objects  were  plaoed 
in  different  situations  near  thmn,  with  which  their  tendrils 
might  come  into  contact ;  and  I  was  by  these  means  aflSorded 
an  opportunity  of  observing  with  accuracy  the  differeace 
between  the  motions  of  these  and  those  of  the  ampelopsi% 
under  similar  circumstances*  The  latter  almost  kamediately 
leceded  from  light,  by  whatever,  means  that  was  made  to 
operate  upon  them;  and  they  did  not  subsequently  show 
any  diroosition  to  approach  the  points  from  which  they  once 
receded.  The  tendrils  of  the  vine,  on  the  contrary,  varied 
their  positions  in  every  period  of  thie  day,  and  other  r^umed 
again  during  the  night  to  the  situations  they  had  occupied 
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ia  the  ^preeeimg  momhig ;  «ad  thej  did  not  so  imtaedi&My, 
or  flio  reguAsaiyy  bend  towards  the  shade  of  contiguous  objects! 
The  tefidril  of  the  vine$  in  its  internal  organisation,  is  ap- 
paFently  similar  to  tke.ytmng  succnxlent  shoot,  and  lesf-stalkj 
of  the  same  plant;  and  it  is  as  abundantly  provided. with 
veasek^^or  passages,  for  the  s^ ;  and  I  have  proved  that  it  is 
mVOse  eaipMe  of  feediag  a  succulent  shoot,  or  a  leaf,  when 
^gissfted  upcMi  it  It  appears,  thei^bre,.  I  c<Hiceive,  not  impro^ 
bable,  that  a  considerable  quantity  of  the  moving  fluid  of  the 
fiimi  passes  threugh  its  tendrils  \  and? that  tiiere  is  a  close 
4:!i99oe$tioa, between  its  vasci^r  structure  and  its  motions* 
.  The  potions  of  the  tendrils  of  the  pea  were  so  perfeetlj^ 
^imiliur  to  those  of  the  vine^  when  they  came  into  contacft 
.with  any  body^  that  I  need  not  relate  the  observations  X 
«Qade  upon  ilwt  plant.  An  increased  extension  of  the  cellular^ 
eiibstaooe  .of  the  bark  upon  one  side  of  the  tendrils,  and  a 
leorrei^nd^nt  ,€ontradii»i  upon  the  of^oaite  side,  occasioAedf 
f^.theepemtion  of  light,  or  the  partial  pressure  of  a  bodyi 
iB.Oon|aot»  i^peared^  in  every  case  which  has  come  undev 
my  observation,  the  obvious  cause  of  the  nootions  of  tenddls^f 
and  therefore  I  shall  vmiture  to  infer>  that  they  are  the  resijdt 
0f  pure  necessity  only,  uninfluenced  by  any  degrees  of  sen- 
^tion  or  inteUectuai  power* 


Obs^rvcUions  relative  to  &ieNear  andDisfarii  Sigiht  of  different 
Persons.    By  James  Ware^  Esq. -^  [ISIS,'] 

i  This  p^>er  contams  many  cases  of  near»sighted  persons^* 
wi^.  some  remwrkdble  ehan^es.  produced  in>  the  sig^t  by 
different  causes,  authorising  the  fiallowing  conchisionss  '  ., 
:  1.  That  near-sightedness  is  rarely  observed  in  .in&ntSy  or 
^yei^  ia  cfattdren  u«4«^  ten  years;  of  age*  It  aifects  the  high^ 
fJus^es  df  .society  asof^f  than  .the  lower :  and.  the  instanees 
VJ^JkWy  ]£  sm^9  in  whicb>  if.  the  use  of  concave  glasses  hair 
b^n  ftdoptedy  increasing  years  haveeitter  removed  or  lessened 
tbm  iinp^ecJion*  .  •;      ^    ^  - .  f .    - 

,,  %  Thfit. though  the  usual  effect  of  time  on  perfect  ^jesibii 
tiuMi.of  iiMducing  .a  necessity  to.mafce  iise  of  convex  glaastts^* 
vn.  or^er  ta  see  near  ol^ta  distinctly ;  yet  sojmttmes,.esw 
aft^r  the.  age.  <^  fifty,  and  after  conxrex  glasses  ^ve  been 
mn^  vm9f  ym»'Jk»  this  purpose,  the  eyes  have  oet  on^ 
eeaised  jte  derive  benefit  from,  them,  when  looking  tifmam 
objcictst  but  thejr  have  required  coocave  glasi^s;  to  enablt 
^^;to  distinguish  ^ith  precision  obgeel^  at  a  dialaott.. 
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3.  Tbsft  tiioQgh  tlM  oauiie  of  thfevoiu^ge'te  ^Mtahrofs 
known,  yet  sometinies  it  h»  been  iadocM  by  die  use  of 
evacuating  remedies,  portwiiinrlj  of  iee<^ies  appii^  to  Uie 
temples;  and  sometimes  by  kokiog  UMroagh  a  microeeope> 
for  a  continued  length  of  time,  for  seveml  succeMve  dajt. 

4h  Tlmt  instfvices  are  not  unccnnmiiB  in  wliidi  pcraoneftr 
advanced  in  Ufe  (vis«  between  e%h^  and  ninety),  ^oee  eyes 
have  beai  accustomed  for  a  long  time  to  the  use  of  deeplf 
convex  glasses,  when  they  have  read  or  written,  have  ceased 
to  derive  benefit  from  these  glasses,  and  they  havie  become 
able,  without  any  assistance,  to  see  both  near  and  dtaluit 
objects  almost  as- well  as  when  they  were  young.  Altliough 
it  be  not  easy  to  ascertain  the  cause  of  this  amended  imon, 
it  seems  not  improbable  that  it  is  occasioned  by  an  abacn-ptioe 
of  part  of  the  vitreous  humour ;  in  consequence  of  whkA  the 
sides  of  the  eye  collapse,  and  its  axis  irom  the  c^mea  to  the 
retina  is  lengtiiened ;  by  which  alteration  the  length  of  thii 
axis  is  brought  into  the  same  proportion  to  the  flattened  stale 
of  the  cornea,  or  crysttdline,  or  both,  which  it  had  to  liiese 
parts  before  the  alteration  to^  place. 


An  Account  of  some  Organic  Remains  found  near  SreHtfard^ 
Middlesex  ;  in  a  Letter  to  Sir  Joseph  JBanks.    By  Mr,  J,  R, 

Trimmer [1814.] 

,  The  specimens  have  been  collected  front  two  fidds,  not 
contiguous  Uy  each  other ;  therefore,  to  avoid  collusion,  I 
shall  take  each  field  separately,  first  describing  the  strata 
as  fin:  as  they  lutve  come  within  my  knowl^lg^  andafterwac^ 
I  shall  speak  of  the  org»uc  ranains  as  they  were  re8|wctively 
found  in  those  strata* 

The  first  field  is  about  half  a  mile  irarth  of  the  Thames  at 
Kew;  bridge ;  its  surface  is  about  twenty-^ve  feet  above  tiie 
Thames  at  low  waten  Tlie  strata  here  are  first,  sandy  loaK 
firom  six  to  seven  feet,  the  lowest  two  feet  slightly  cakaieoiia. 
Seooad,  sandy  gravel  a  few  indies  only  ia  ifaicknesi.  ThMi 
loam  slightiy  cdcareous  from  oae  to  five  feet;  betireeB  tUs 
and  the  next  stratum  peat  freqo^fttly  intervenes  in-  snail 
patches  of  only  a  few  yards  wide  and  a  few  inches  thkk. 
Bourth,- gravel  containing  water;  this  stratum  varies ^fiNna 
two  to  ten  feet  in  thickness,  and  is  alwi^sthe  deepeaein^tlie 
places  covered  by  peat;  in  th^se  places  the  lo«per  flUt  oS-A^ 
etratutn  becomes  an  heterogeneous  mass  of  da^  «And»  «Dd 
gvavdl^  aad  firetfuently  eidifdes  a  disagreeable  mlMUly  «neB. 
Fifth,  .the  maia  sttatuni.  <of  bke  oley,  whiehJjea  aader  tti% 
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and  eaBfteads-iiiider  LondoDr  lUid  its vieinity.  The  avemge  depA 
ofthis  cbrf  has  beat  aflcertaioed^  by  wells  that  faa^B  been  dug 
^iroiigh  ityte  be  about  itwo  hundred  >feet  under  the  sur^Mie  of 
the  more  level  lands^  and.  pioportionably  deeper  under  Ite 
hills,  as  appears  from  Lord  Spencer's  well  at  Wimbledon^ 
ivjhich  is  £lie  hundred  and  sixty-sev«n  ftet  deep.  This  stratum, 
besides. %«red  fossils,  contains  pyrites  and  many  detached 
oodttks ;  at  the  defMii  of  twenSy  feet  there  is  a  regular  stratum 
of  these  nodules,  some  of  which  are  of  very  considerable  size. 

In  the  first  stratum,  as  far  as  my  observation  has  extended, 
no  remains  of  «n  organised  bod^  have  ever  been  found,  and  ^ 
my  search  has  not  been  very  limited,  I  may  venture  to  say  it 
contains  none.  In  the  second  stratum,  snail  shells,  and  the 
•hells  of  river  fish  have  been  found,  and  a  few  bones  of  land 
aounals;  but  of  inconsiderable  size,  and  in  such  a  mutilated 
state,  that  it  cannot  be  ascertained  to  what  class  they  belong. 
In  the  third  stratum,  the  horns  and  bones  of  the  ox,  and  the 
horns,  bones,  and  teeth  of  the  deer  have  been  found,  and  also, 
as  in  the  second  stratum,  snail  shells,  and  the  shells  of  river 
fish.  In  the  fourth  stratum  were  found  teeth  and  bones  of 
both  the  Afirican  and  Asiatic  elephant,  teeth  of  the  hippopo* 
tamus ;  bones,  horns,  and  teeth  of  the  ox. 

In  l^e  fifth  stratum,  namely  the  blue  clay,  the  extraneous 
fossils  are  entirely  marine,  with  the  exception  of  some  spe- 
cimens of  fruit  and  pieces  of  petrified  wood,  the  latter  of 
which  may  be  consideiod  as  marme,  because,  when  of  sufiicient 
stzc^  they,  are  always  penetrated  by  teredines.  The  other 
ftssils  firom  tiiis  stratum  are  nautiK,  oysters,  pinnse  marine?, 
ecaiNS  teeth  and  bones  of  fish,  and  a  great  variety  of  small 
marine  shdla;  this  stratum  hfis  been  penetrated  hitherto  in 
Ibis  field  only  to  the  depth  of  .thirty  feet,  Uurooghout  which 
the  specimens  found  were  dispersed  without  any  regularity. 

The  second  field  is  about  one  imle  to  the  westward  of  the 
fimn^ri  one  mile  north  of  the  Thames,  and  a  quarter  of  a  mfile 
to  the  eastward  of  the  river  Brent ;  its  height  above  the 
Hiames,  at  low  water,  is  about  fisrty  feet. 

In  the  first  stratum,  as  in  the  other  field,  no  organic  remains 
httve  been  observed.  In  the  second,  but  always  within  two 
£aet  of  the  third  stratmn,  have  been  found  the  teeth  and  boned 
of  the  hippopotasnus;  the  teeth  and  bones  o£  the  elephant ;  the 
heniS^  bones,  and  teeth  of  several  specfes  of  deer;  the  homsi 
bones,  and  tee^  of  the  ox ;  and  the  shells  of  river  fish. 

The  remains  of-  hippopotami  are  so  extremely  abundant, 
that  k  turning  over  an  area  of  one  hundred  and  twenty  yardi 
in  the  present  season^  parts  dt  six  tuskt  have  been  fb\md  of 
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this  animifl,  besides  a  tootb  and  part  of  the  hom  of  a  deer; 
part  of  a  tusk,  and  part  of  a  grinder  of  to  dephant;  and  the 
horns,  with  a  small  part  i^  the  dcuU,  of  an  ox.  One  of  these 
horns  I  had  an  opportunity  of  measuring,  as  it  lay  on  tlie 
ground,  and  found  it  to'  be  four  feet  and  a  half  in  length, 
following  the  curve,  and  five  inches  in  diameter  at  the  Inge 
end ;  it  litras  found  impracticable  to  remove  it,  otbermae  thaa 
fa  fragments,  which  I  have  preserved,  and  have  hopes  of 
being  able  to  put  a  considerable  part  <ji  it  togedier.  The 
immense  size  of  this  hom  is  rend««d  more  remarkable  by 
another  hom  from  the  same  spot,  which  measures  bot  six 
inches  in  length. 

In  the  third  stratum,  viz.  calcareous  loam,  have  bee©  found 
tlie  horns,  bones,  and  teeth  of  the  deer,  the  bones  and  teeth 
of  the  ox,  together  with  snail  shells  and  the  shellB  of  river 
fish. 


On  a  fossil  Human  Skdeton^  found  at  Guadahupe.    JB^  Mr. 
KfENIG.  —  [1814.] 

This  singular  fossil  was  found  on  the  shores  of  Guada- 
loupe, '  below  high-rwater  mark,  among  calcareous  *  rocks, 
formed  of  madrepores,  &c.  and  not  very  remote  frtnn  the 
volcano,  called  the  Souffriere.  The  block  containing  the 
human  skeleton  is  eight  feet  lone,  two  broad,  and  weighs 
about  two  tons :  it  is  a  very  hard  granular  lime-stone^  r^-' 
semblinff  calcareous  sand-stone,  containing  a  few  venus  and 
other  shellsy  some  of  which  are  unknown.  The  skeleton  is 
tolerably  perfect,  with  the  exception  of  the  skull  and  some 
vertebrae  of  the  neck,  which  are  wanting.  Sjir  6.  Davy  ibond 
some  phospliate  of  lime  m  the  bones,  proving  the  presence  of 
animal  matter.  -    .    * 

.  Mr.  K.  does  not  pretend  to  guess  at  the  age  of  this  fossil 
skeleton ;  but  Sir  Joseph  Banks,  whose  experience  and  ob- 
servation are  more  extensive,  considers  it  of  very  modem 
formation.  Other  fossil  bones  have  been  found  in  the  same 
vicinity,  and  calcareous  masses,  or  rocks,  are  now  being 
^mned  there.  This  circumstance  seems  to  sanction  the 
opinion  of  the  learned  president,  takmg  into  consideration 
also,  the  contiguity  of  a  volcano,  the  probability  of  the  tem- 
perature of  the  water  being  considerably  nused  at  some  tunes, 
and  the  known  fact,  that  carbonate  of  lune,  dissolved  in  wat^, 
IS  afterwards  deposited  in  a'  comparatively  short  period,  in 
masses  of  very  hard  and  solid  stone.  Every  person  may  be 
convinced  of  tlie  rapidity  of  the  formation,  ^d  also  oi  the 
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hardness  of  such  stone,  by  inspecting  the  inside  of  tea-kettles> 
l»  whicb  water,  vulgariy  called  hard,  is  boiled. 


On  the  comparative  Heat  of  arterial  and  venous  Blood,     By 
JoHNl)AyY,M.D.'-llSU.] 

:    Th£  experiments  of  Crawford  bein^  performed  at  a  time;' 

when  the  process  and  means  of  analysis  were  much  less  per^ 

feet  than  at  present,  it  is  necessary  they  should  be  repeated^ 

before  <^y  can  be  received  as  correct  results  in  the  actual 

9tate  of  pur  knowledge.    Dr.  I>avy  operated  on  the  blood  Qf 

9heep  and  lambs ;  and  it  must  be  confessed,  that  the  detail  of 

his  experiments  will  be  read  with  the  more  pleasure,  that  no. 

timiaal  experienced  an^  pain  from  his  researches, 

f   He  b^gan  by  deprivmg  arterial  and  venous  blood  of  fibrine» 

ascertaining  their  specific  gravity,  the  former  being  104*7,  and 

the  latter  1050,  placing  them  in  glasses  of  equal  dimensions^ 

filling  a  similar  glass  with  water,  raised  to  the  same  temper-r 

mtaaci^  and  observing  their  relative  rate  of  cooling.    In  diror* 

ent  experiments,  he  found  arterial  blood  9S.7,  and  venous 

9%  a  result  alto^  eth^  incompatible  with  the  theory  of  Craw*' 

ford,  but'reconcileable  with  that  of  Dr.  Black,  or^the  opinion 

of  Mr.  Brodie.    The  posterior  portion  of  the  brain  he  found 

from  one  to  two  degrees  higher  than  the  anterior,  and  both 

were  as  much  lower  than  the  rectuin.    The  heat  of  the  body 

generally  diminishes  in  proportion  to  the  distance  from  the 

heart. 

In  general,  the  temperature  of  arterial  blood  was  from  one 
to  one  and  a  half  degree  higher  than  that  of  venous ;  only  one 
degree  was  observed  between  the  heat  of  the  blood  in  the 
left  and  right  ventricle  of  the  heart.  A  newly-born  child 
raised  the  thermometer  to  96 ;  afler  three  days  it  rose  it  to  99* 


On  Ae  Structure  of  the  starry  Heavens,  By  Br.  Herscheu 
The  Doctor  begins  with  relating  his  observations  on  the 
relative  magnitudes  oPthe  stars,  considering  those  of  the  first 
magnitude  to  be  equal  to  our  sun ;  he  then  determines  the  mag- 
nitudes and  changes  in  the  appearance  of  a  great  number  of 
fixed  stars ;  gives  a  history  of  the  alterations  which  he  has 
noticed  in  the  aspect  of  the  sidereal  heavens  during  the  last 
thirty  years ;  and  describes  those  stars  which  have  increased 
in  magnitude,  or  brilliancy;  have  lost  or  acquired  surrounding 
nebulse ;  or  have  had  wings,  tails,  or  other  peculiarities^ 
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He  seems  inolined  to  bciieflPe}  Iram  iifa 'obiiowatiiiiis,  that 
new  sidareal  bodies «*6in*a  eoostant  tnd  progresnve stele  ef 
formation ;  that  nebulous  ap^^earanoes  gtadvuHy  »m»»w^  a 
globular  chmracter ;  that  the  heavens  are  not  infinite ;  and  tivt 
stars  have  a  **  compressing  power*"" 

He  considers  the  origin  and  progress  of  sei^^eal  bo^ea  to 
be  nearly  in  die  foHowing  order :  -^  Firsts  vagse  and  mdistHKt 
neb«te  like  the  milky  way ;  secoodiy,  dallied  or  duaterad 
nebuke,  which  consc^idate  ^  into  elasters  of  ataana^  i^aeityf 
diese  sturs^  becoming  mere  deinite,  appear  with  ndNdooa  ap- 
Midages  in  the  diierent  forms  of  wiags,  teMAf  S^st  wn 
ttstly,  that  all  are  dually  coneentmted  into-  one  deaiv  btjjg^ 
and  large  8tar< 

Dr,,  H.  concludes,  thai  theprogress»«  dtseoverjr  «fiieM0 
wHl  be  equal  to  the  improvement  of  <rar  teleacope%  aaid  -tfaa^in 
proportion  as  we  are  posseased  of  more  power^  spaMie-fe^ 
netratkig  instnaooents,  will  our  knowledge  ^  the  stdereal'haa- 
rens  be  extended*  -Many  of  his  latter  observatioinsy  d^Melad 
16  aseertain  the  absorj^ioit  or  cendensatiett  of  iieb«l«,  were 
made  on  stars  which  he  had  before  described ;  others  woe 
made  on  l^ose  whose  places  have  be^  detenniaed  by  fortip» 
astronomers. 


On  a  new  System  of  Ship  BuUdmgn^    By  Mr.  SsFPiNOSm. 

NotwiTHSTAKBiNO  the  rapid  progress  in  all  the  arts  and 
sciences,  no  improvement  in  naval  architecture  has  takot 
piece  daring  many  years.  In  order  to  make  the  snaiple,  but 
great  improvement,  which  Mr.  S.  has  introduced,  more  inteffi- 

S'ble,  he  begins  by  describmg  the  old  structure  of  ah^  of 
leir  keel  and  ribs,  or  timbers  placed  at  r%ht  angles,  and  the 
bottom  and  decks  composed  of  parallel  planks.  Actorda^ 
to  the  new  construction,  on  which  three  ships  have  iedready 
been  built,  and  four  more  are  in  pogress,  the  timbers  aie 
crossed  with  diagonal  girders,  at  angles  of  45,  so  that  the 
whole  frame  is  rendered  much  stifier  or  more  in^rible,  and  all 
parts  of  the  structure  made  to  bear  their  due  portion  of  die 
pressure  at  the  same  time.  The  first  advantage  of  this  plaD,v 
18  the  prevention  of  what  is  called  hogging^  or  having  the 
centre  oecome  convex  on  tlie  upper,  a^  concave  on  the 
lower  side.  Mr.  S.  i^ls  up  the  space  between  the  timbers 
with  pieces  of  wood  taken  firom  old  ships,  made  in  the  form 
*of  wedges,  which  are  reversed,  driven  in  tig^t,  paid  with  tar, 
and  made  impervious  to  water ;  so  that  shomd  an  outer  plank 
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BtBrt)  llie  vwiel  will  be  in  no  danger  of  sinking,  as  in  the  old 
system.  This  method  not  only  adds  greatly  to  Uie  litiffiMM 
and  strengdi  of  the  vessel,  but  also  (rtieTents  the  timbers  end 
flooring  from  becommg  a  prey  to  ^te  rot,  o'^easloned  by 
moisture  and  stagnant  air.  Mr.  S.;  opposes  Ihe  notion  of  ships 
bdng ohlMkic^  and  oontends  4bait  t^M^: axe; stronger atod  bcflter 
m  {MToportlon  aa  they  arisitouHefaiStiiei,  and  G^  resisting 

pBBOiuffl  m  iiiiat9ef^  dinaotioiijt.may  foe  ^lied.  Consider- 
dMe  ad!fanti^  he  alsojconaUfehi:  nmat  4ittctid  bis.pkm»irooi 
She  sapenor  •tiffiEiess<aiid;8li!englh^of  the  docks^  coo^med  of 
firame^work  with  iliagonai!  bttiders»  io  that  the  dedciinsteaid 
of  being  a  series  of  parallel  boards,  having  y&ry  Httfe  collec- 
tion with  eadl  other,  and  susceptible  of  being  deldehed  ih  any 
€Ui<g goncy,  wiii  yaesottt  a  oontimioiia  tnasa  of  timbcar,  having 
ka  graiapiaoed  nii.aU'MdiriewlMnscibefll  ada|iled  to  midce  the 
greatest  possible  resistance  to  sny  external  force.  There  are 
nsanjr  other  minocimilroveBntols^il}  Aiar}aowin«thod»  auch  as 
obratin^  the  necessi^  of  maeh  iro^  y^ork,  m  that  no  &k^f» 
woiglii  m  ociksioiiiMi  bjr  tba  <iHiaigwp.bglwcgft  the  tinders ; 
lass  baUast  is  Jre^plkad^.nwch  old -duit  limber. can  bo  ii^ed 
with  advanti^ ;  and  lastly,  in  the  construction  of  a  74  gim 
diqfv  17a  trees^  of  50.  feet  aaob,  are  savedt 


Experiment  on  Ae  VUalih^  of  OrganUed  MaUer.  By  Alex- 

ANJDEli  CxiCBTOyy  M.D.'^^lBli'.'}   ' 

,  Tas  author  having,  observed  that  organised  bodies  are  in- 
flueoeeid  by  ktws  very  different  from  those  of.  chemistry,  that 
living  master  Qyercomea<affinit^  and  jsravity,  and  that  when- 
ev^  life  ceases,  the  decomposition  of  organised  bodies  com^* 
jueniG€iSf  seems  theqce  ^  infer  that  there  are  two  kinds  of 
mattfffi^Qr.that  organised  matter  still  retabs  some  latent 
yitaUtyi,  notwithstanding  its  chemical  decomposition*.  To  as- 
certain tbSs  point,  he  made. a  variety  of  experiments  on  dif- 
feieQtV'<^el;able%  on  dried  barks,  flowers,  Reusing  decoctions 
of  vegetable  matter,  expoi^d  .to  the  action. pf  oxygen  .^goul 
oth^r.gases  in  glass  tubes  over  mercury^  and  in  all  of,  them, 
except  a  decoction  of  licjuorice.  root^  hie  discovered  traces  ^f 
.  vitaHi^  pr  fructification  in  a  few  days.  The  leaves  of  flowers 
healwsiys  found  yielded  the  great^t  quantities  of  orga^sed 
or  vitalic  matter. 
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<M       Hn8CHB£  Oir  TUB  ARRAlKUBKimT  «V  ifTJOm, 

ddrommmU  OhsenHOUms  rdal^  to  ike  Sidereal  Pa;rt4^Ae 
HmnoetUy  amd  ka  CatmeeHan.  fiUh  the  NeMoue  Parts  ^^ 
ramged  fir  the  Purpoee  rf  a  critical  JEauamn^iian^      JBj^ 

William  HjutgcaML*'^ll&l4h}  .      . 

'  Thb  observations  contained  in  this  paper  are  HMended  ta 
display  die  sidereal  part  of  the  heaven%  Bndeimi  to  'Aow  the 
intimate  connection  between  the  two  opposite  eseteemtt,  * 
of  whidi  is  the  immensity  of  the  widdy  di&sed  and 
ingly  chaotic  nebulous  matter ;  and  the  o^ttr  the  faigUy  m 
p&ated  and  most  artificial^  ccMWtructed  globular  dvaten  of 
compressed  stars.  •  '  %  ^      >      , 

OfSisfrsmremarhedileSiiualti^mem^reff^  — 

Among  the  great  number  of  stars,  with  nelxdoaity  ttiapened 
between  them,  are  some  in  situations  tint  deserve  to  be 
-remarked* 

A  pfetty  bright  star  in  the  middle  of  a  vevybr^fht  nebolii^ 
aibout  W  in  length,  and  ^  broad. 

An  extremely  &mt  nebidosity  extended  from  one  star 
to  a  smaller  one,  at  the  dktance  of  about  ^  soath  of  the 
former.  •     ■  -•*--.       -v 

Two  considerable  stars  are  involved  in  a  vay  fiunt  ndlMtfr 
losity  of  3'  or  4*'  in  extent. 

That  stars  are  not  spread  in  equal  portions  orer  die  celes- 
tial regioBS,  is  evident  to  the  eye  of  every  one  who  directs 
his  view  to  them  in  a  clear  night ;  but  if  this  wanted  any 
prpof,  the  star-gauges  would  abundantly  show  that  the  gre^ett 
Variety  in  their  distribution  takes  place;  ifor  whilein  n^sweeps, 
many  fields  of  view  of  the  telescope  were  without  a  singie 
starj  others  contained  every  assignable  number,  f^Ora  one  to 
more  ^an  six  hundred. 

■  When  blusters  of  stars  are  situated  in  very  rick  fttrta  o^ 
the  heavens,  they  are  generally  of  an  irregular  £e»nxi,  and  voy 
imperfectly  collected ;  those  which  are  in  and  very  near  tiiie 
milky  way  may  indeed  be  locked  upon  as  so  many  portions  of 
the  great  mass  drawn  together  by  the  action  of  a  dusteriDg 
{Kywer,  of  which  tliey  tend  to  iM'ove  the  existence. 

Tile  stars  of  these  clusters  are  in  graend  very  promis- 
euously  scattered;  they  are,  however,  sufiicientiy  drawn 
together  to  show  that  they  form  separate  groups;  and,  in 
many  places,  a  defalcation  of  the  number  of  stars  sorroundifu^ 
the  clusters  is  already  so  fiir  advanced  as  te.iadicate  a  teaS- 
ency  to  futiu'e  insulation.  "  \    . 

The  outlinesof  clusters  of  stars  in  rich  parts  of  the  hea- 
vens, and  even  of  those  that  are  insulated,  are  seldom  sui^ 
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BERSCHKZ*  ON   XHR   ARRANGfiMEisiT   OF   ^tARB.     §S$ 

ficiently  defined  to  arrange  such  clusters  by  their  figure  ;  and^ 
as  the  following  assortment  contains  some  that  are  variously 
ext^ided  and  differently  compressed,  it  will  be  seen,  from  the 
descriptions  of  a  few  of  them,  that  the  power  which  has 
drawn  the  stars  together  must  have  acted  under  different 

circumstances.  •  -f-.-i^^^x'^^X^^^^H^ 

A   very    compressed       ^-.,    ^-  li-^    T^y.-J:+ ■  JJ"^ 
chisterofsmall^aiidsome   4-    +4-  ^J  ^|^xx;^    "^-^ 
large   stars;    extended  ^"^^f^^^- 
nearly  in  the  meridi^;   y  +>  ^:f^ 
the  most  compressed  part     y^y.A.-i-   i'^  ^v, 
is  about  8'  long  and  2'      4a  l-^l'^V4.>^-^^/;^    . ' 
broad,  with  man3r  stars   +     j"^x'^iti^4J- o^^      +   V^' 
aeattered  around  it  to  a  -j.     ^^    "tK^   V.     '^'  -^    y^T"^ 
considerable  distance.  "^  ->^  v  "^    -^V^.     *^^-V         ^. 

The  construction  of  this  cluster  may  have  arisen  from  the 
fiituatioa  of  many  stars  in  the  same  plane,  drawn  towards  a, 
centre  by  the  clustering  power ;  for  any  pla^  seen  obliquely 
will  have  the  appearance  of  an  extended  form.  , 

A  large    cluster    ofvA-i-f^^  A- ^  o 

stars  of  a  middling  size,  -^^    ^  i-  '^.^     "^   v  "^  4- 

frregularly     extended,    t        +    -V  .  rt-^^-V^^,     ' 
and  considerably  rich,      ^-^-^^^l^^.^ 
Tlie  stars  are  chiefly  in     i-       •+.^5^3^^'^^^^^ 

TOWS.      >-  n^  £i'^ 

Here   each   row  of  ^-^A -*--f-^' 
stars  may  have  a  dif-   ^x^-h  ^--f 
ferent    preponderating     ^  -h  y 
attraction,    but    every        ^ 
row  will  attract  all  the  *V^ 

other  rows ;  nay,  from  the  laws  of  gravitation  it  is  evident, 
liiat  there  must  be  somewhere,  in  all  the  rows  togetHer,  the 
«e8t  of  a  preponderatii^  clustering  power,  which  wSi  act  upon 
a&  the  stars  in  the  net^bourhood. 

Of  gleindar  ClusterB  cf  Stars. — The  objects  of  this  col- 
lection ve  of  a  nifficient  brightness  to  be  seen  with  any  good. 
common  telescope,  in  which  &ey  appear  like  telescopic  comets, . 
or  bright  nebube,  and  under  this  disguise  we  owe  tiieir  dis-' 
covery  to  many  eminent  astronomers ;  but  in  order  to  ascee* 
tain  tiieir  most  beautiful  and  artificial  construction,  the  ap- 
idication  of  lugh  powers,  not  only  of  penetrating  into  space> 
W  also  of  magnifying,  are  absolutely  necessary, 

Oct.  4. 1810.    4<)-&et  telescope.   Space-penetrating  powicr , 
191 .68.    I^{8griib^4pig  power  280.    Having  been  a  sufficient 
t$me  at  the  telescc^  to  prepare  the  eye  properly  for  seeing 
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minute  objects,  the  72d  of  the  (hnwnssanct  des  temps  came 
into  the  field.     It  is  a  very  bright  object 

It  is  a  cluster  of  stars  of  a  round  figure,  but  the  very-ftmt 
stars  on  the  outside  of  globular  clusters  are  generally  a  little 
dispersed,  so  as  to  deviate  from  a  perfect  circular  fbirn.  The 
telescopes  which  have  the  greatest  light  show  diis  best. 

It  is  very  gradually  extremely  condensed  va  the  centre; 
but  with  much  attention,  even  there,  the  stars  may  be  dis- 


liere  are  many  stars  in  the  field  of  view  with  it ;  but  they 
are  of  several  magnitudes,  totally  dif-    •         <vi**\  Jk 
ferent  fi'om  the  extremely  smaK  ones      ^^^t*^ 
which  compose  tlip  cluster. 

It  is  not  possible  to  form  an  idea 
of  the  number  of  stars  that  may  be 
in  such  a  cluster ;  but,  I  think,  we 
cannot  estimate  them  by  hundreds. 

The  diameter  of  the  cluster  is  about 
one-fiflh  of  the  field,  which  gives 
r  5S\6. 

Of  the  hreaking  up  of  the  Milky  Way,  — The  milky  way  is 
generally  represented  in  astronomical  maps  as  an  irregular 
zone  of  brightness,  encircling  the  heavens,  and  my  star-gauges 
have  proved  its  whitish  tinge  to  arise  from  accumulated  stars, 
too  faint  to  be  distinguished  by  the  eye.  The  great  difficulty 
of  giving  a  true  picture  of  it  is  a  sufficient  excuse  for  those 
who  have  traced  it  on  a  globe,  or  through  the  diffisrent  con- 
stellations of  an  Atlas  Coelestis,  as  if  it  were  a  uniform  suc- 
cession of  brightness.  It  is,  however,  evident  that,  if  ever  it 
consisted  of  equally  scattered  stars,  it  does  so  no  longer;  for, 
by  lookmg  at  it  in  a  fine  night,  we  may  see  its  course  betweeii 
tifie  constellations  of  Sagittarms  and  Persius,  affected  by  not 
less,  than  eighteen  different  shades  of  glimmering  light,  re- 
sembling the  telescopic  appearances  of  large  easily  resolvable 
ixebulse;  but  in  addition^  to  these  general  divisions,  the  ob- 
servations detailed  in  the  preceding  part  of  this  pi^r 
authorise,  us  to  anticipate  the  breaking  up  of  the  milky  way, 
in  all  its  minute  parts,  as  the  unavoidd>le  consequence  of 
the  clustering  power  arising  out  of  those  preponderating  at^ 
tractions  which  have  been  shown  to  be  every  where  existing 
in  its  compass. 

157  instances  have  been  given  of  clusters  situated  within 
tlie  extent  of  the  milky  way.  Tliey  may  also  be  found  in 
Bode*s  Atlas  Coelestis,  whose  delineation  of  this  bright  zone 
I  have  taken  for  a  standard.     To  these  must  be  added  6i 
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jacu>re,  whidi  are  in  the  less  rich  .parts»  or  what  xn^j  be  called 
tlie  varnishiDg  borders  of  the  milky  way :  for  this  immense 
stratuoi.pf  stars  does  not  break  off  abruptly^  as, generally  re- 
presented in  maps,  but  gradually  becomes  invisible  to  the  eye 
when  the  stars  are  no  longer  sufficiently  numerous  to  cause  me 
impression  of  milkiness. 

Now,  since  the  stars  of  the  milky  way  are  permanently  ex- 
posed to  the  action  of  a  power  whereby  they  are  irresistibly, 
drawn  into  groups,  we  may  be  certain  tliat  from  mere  cluster- 
ing stars,  they  will  be  gradually  compressed  through  suc^ 
cessive  stages  of  accumulation,  more  or  less  resemblmg  the 
state  of  some  of  the  263  objects  by  which  the  operation  of 
the  ckistering  power  has  been  laid  open  to  our  view,  till  they 
come  up  to  what  may  be  called  the  ripening  period  of  the 
globular  form,  and  total  insulation  ;  from  which  it  is  evident 
th»t  the  milky  way  must  be  finally  broken  up,  and  cease  to  be 
a  stratum  of  scattered  stars. 

.  We  may  also  draw  a  very  important  additional  conclusion 
from  the  gradual  dissolution  of  the  milky  way ;  for  the  state 
into  which  the  incessant  action  of  the  dustering  power  h^s 
brought  it  at  present,  is  a  kind  of  chronometer  that  may  be 
used  to  measure  the  time  of  its  past  and  future  existence ; 
and  although  we  do  not  know  the  rate  of  going  of  this 
mysterious  chronometer,  it  is  nevertheless  certain,  that,  since 
the  breaking  up  of  the  parts  of  the  milky  way  affords  a  proof 
that  it  cannot  last  for  ever,  it  equally  bears  witness  that  its 
past  duration  cannot  be  admitted  to  be  infinite. 


t>»  wme  new  JEkctro-chemical  Phenomena,    By   William 
Thomas  Branded  Esq —  £  1 815.] 

.  When  compound  bodies,  capable  of  transmitting  electricity, 
are  submitted  to  the  operation  of  the  Voltaic  pile,  their  proxi- 
mate and.  ultimate  elements  are  separated  with  uniform  phe- 
nomena ;  acids  are  attracted  towards  the  positively  electrified 
surface,  and  alkaline  and  inflammable  substances  take  an 
opposite  direction^  and  collect  at  the  negative  pole. 

Of  the  ukknaie  chemical  elements  of  bodies,  the  greater 
nuntber  exhibit  the  last-mentioned  character,  and  a  few  only 
qipear  to  be  attracted  towards  the  positive  extremity  of  the 
Voltaic  instrument;  and  as  bodies  possessed  of  dissimilar 
d^tric£j  powers  attract  each  other,  it.  has  been  concluded, 
that  the  inherent  electrical  state  of  the  former  is  positive,  that 
f)f  the  latter  negative. 

When'  the  flame  of  .a  candle  is  placed  between  two  surfaces 
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In  opposite  electrical  8tatei»  the  ii^;ative  surface  becomes 
most  heated ;  this  circumstance  was  considered  by  Mr.  Cutb^ 
bertson  as  indicating  the  passage  of  electrical  fluid  Itobi  the 
positive  to  the  negative  sur&ce.  >  -  " 

The  insulated  &mes  of  wax,  of  oil,  of  spirit  of  wine,  and  of 
hydrogen  gas,  only  conduct  positive  electricity ;  dry  soap,  mt 
the  contrary,  and  the  flame  of  phosphorus,  under  the  same 
circumstances,  only  transmit  negative  electricity. 

I  repeated  Cut!wertson*s  experiment,  and  found  that,  wfaea 
the  electrical  machine  was  in  weak  action,  the  negative  surface 
not  only  became  hot  sooner  than  the  positive,  but  that  the 
gmoke  and  flame  of  the  candle  were  visibly  attracted  tc^ards' 
it.    I  now  removed  the  candle,  and  substituted  the  fbane  of 
phosphorus,  when  the  appeamnces  were  exactiy  rcnrersed? 
the  positive  sur&ce  now  became  considerably  wanner  than 
the  negative,  and  the  flame  and  smoke  of  the  phbliphdnn 
were  .powerfully  directed  upon  k.    I  conceived,  tiierdfbre,- 
that  the  flame  of  the  candle  was  attracted  by  the  negative 
pole,  in  consequence  of  the  carbon  and  hjdrbgen  with  which  it 
idKiunds,  and  that  the  rapid  formation  of  acid  matter  during 
the  combustion  of  the  phosphoras,  was  the  cause  of  its 
attraction  towards  the  positive  pole  :  in  shwt,  that  the  appeid^ 
ances  were  consistent  with  the  known  laws  of  electro-chelnlcal 
attraction. 

The  attraction  of  acids  bj  the  positively  electrified  surface, 
and  of  alkalies  and  inflammables  by  that  which  is  negatively 
electrified*  is  thus  easily  exhibited ;  and  the  theory  whtm 
regards  their  mutual  attractive  eneigiesy  as  dependent  upon 
their  opposite  electrical  states^  is  em^ratudby  experiments, 
not  less  decisive  than  those  in  which  the  Voltaic  instrumoit 
was  employed. 

Of  the  former  class,  phosf^orus  in  daw  and  in  ra^d  com- 
bustiont  and  benzoic  acid,  fbmish  the  mast  striking  instances  i 
u^d  of  ^e  latter,  the  combustion  oft>ota8sittm  Ml  oam^«»r 
ase  ektellent  examples. 


Some  jftqfenmenti  on  the  Cambuttion  €f  tie  Ditmrnd  und 
Qthepf  Carbontumm  Subrtances.  By  Sir  MamMmMri>jmy*. 
Ijt  the  very  first  trials  on  the  coilibustion  of  fh^  difltSMttdy 
I  iittcertiiinea  a  circumstance  that  I  believe  hfl»  not  bda^ 
noticed  b^nre;  vis.  Uiat  the  diamond,  when  strongly  k[idll#' 
by  the. lens  in  a  Ihin  capsule  of  platimnn,  perfbrat<sd  wSHi 
many  orifices,  so  as  to  admit  a  flree  ckcuiation  of  ab,  oonldioea- 
to  bum  in  oxygen  gas,  after  being  withdrawn  from  the  focus. 
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The  light  it  affords  is  steady,  and  of  so  hriUiant  a  red,  as  to 
be  visible  in  the  brightest  sunshine ;  and  the  heat  produced 
is  so  great,  that  in  one  experiment,  in  which  three  fragments 
of  diamonds  weighing  1.84  grains  mdy  Were  burnt,  a  fine  wire 
of  platinum  used  for  attaching  them  *to  the  tray  was  fused,- 
and  that  some  time  after  the  diamonds  were  removed  out  of 
the  focus.  '  t 

'  From  the  results  of  different  experiments,  it  appears  evident^ 
that  the  diamond  affords  no  other  substance  by  its  combustion: 
than  pure  carbonic  acid,  gas ;  and  that  the  process  istnerelly  a- 
solution  of  diamond  in  oxygen,  without  anydubge.in  the: 
volume  of  the'  gas ;  for  the  dighl  absorption  in  the  secmid 
experiment  is  scarcely  more  than  a  cooapensation  for  the^ 
volume  occupied  by  the  diamonds  consumed.  :  { 

.  It  is  likewise  evident,  that  in  the  combustion  of  liie  differentc 
kinds  of  charcoal,  water  is  produced ;  and  from  the  diminution 
of  the  volume  of  the  gas,  there  is  every  reason  to  believe,* 
that  die  water  is  focmed  by  the  combustion  of  hydrogea, 
existing  in  the  chareoal. 

.  The.  only  chemical  difference  perc^tible  between  diamond 
and  the  purest  charcoal,  is,  that  the  last  contains  a  minute 
portion .  of  hy4rogen ;  but  can  a  quantity  of  an  element,  less 
in  some  cases  than  -g-^p  part  of  the  weight  of  the  sub^ance, 
occasion  so  great  a  difference  in  physical  and  chemicai' 
characters  ?  This  is  possible,  yet  it  is  contrary  to  analogy ; 
and  I  a|n^nlore  incUned  to.  adopt  the  opinion  of  Mr.  Tennant^- 
that  tlie  difference  depends  upon  crystallisation;  Transparent 
siyiid  bodies  are  in  general  nonrcmiductors  of  eleetricity,  and 
it  is  probaUe  that  the  same  corpuscular  arrangements  which 
giYie  to,  matter  the  power  of  transnuttingiaiid  polariding  lights' 
are  likewise  connected  with  its  relations  to  electricity ;  and 
waieTy  itbe  h^^dl«t0s  of  the  aUd^es^Und  a  number  of  other 
bodiea  .which  are  eondact«rs  of  eledricity  wh^a  fluid,  become* 
noiH>QiMuetors  in  Ibdir  cr^Fstallised  fbrm. 

A  small  diamond,  weighing  .45  of  a  grain,  was  kiapt  in  a 
state  of  intense  ignition,  by  the  great  lens  of  the  Florentine 
Museum,  in  hydrogen  gas  for  more  than  half  an  hour ;  bu(^. 
the  gas  Bi^ered  no  c^a^e,  and  the  diamond  had  undergone 
no  <hmmution  sf  weight,  and  was  not  altered  in  appearance. 
Cluii€oal,  after. being  intensely  ignited  in  chlorine,  is  net 
al|^iQr(^  in  its.(y>adHCtiog:pcniter  or  ctdour;  and  this  circum'> 
stance  i$  ia  favoasof  th^  ofunioa,  that  the  nnnute  ipiantity  o€ 
hvdi:ogea;  1^  nel  ^h»  eaiise.of  the  great  diffiefei^ce  between  the^ 
l^k^Mifs<fjfi9ttm  oC>the  diamond  and  charooaL  . 
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Gbservaiians  on  the  Functions  of  the  Brain.    By  Sir  ErRRASji 
Home,  BarLr^  [1815.] 

BEfORB  i  enter  into  the  particular  effects  thai  take  {ilace 
when  pressure  is  made  upon  the  brain  by  means  cf  water,  it 
is  necessary  to  mention,  that  sudden  pressure  of  any  k^ 
upon  the  cerebrum  takes  away  all  sensibility,  whether  made 
upon  the  external  sur&ce  through  the  mediimi>  of  the  dura 
mater,  or  upon  the  internal  parts  through  the  medium  of  the 
ventrk^s,  and  sensibility  returns  as  soon  aa  the  uausual  pres- 
sure i&  removed* 

Although  insensibility  is  the  common  efiect  of  ufidue 
pressure  upon  the  cerSrumy  it  appears,  from  what  will  be 
stated,  that  it  is  not  a  necessary  conse^ence  of  undue  pres* 
sure  upon  the  cerebellunu 

•  Concussion  of  the  brain  produces  delirium  and  coma ;  these 
Sjnnptoms  may  go  off,  and  yet,  sometimes^  ui  a  few  days  return 
adfid  prove  fatal.  In  the  torpid  state  commonly  attendiemt  upon 
dny  violent  shake  being  given  to  the  brain,  the  senses  are  so 
,much  impaired,  that  little  information  can.  be  gained  re^>ect- 
ing  the  ejects  produced  upon  the  intermd  organs. 

Sudden  dilatation  of  the  blood-vessels  of  the  cerebrum,  in 
consequence  of  exposure  to  the  sun,  is  sometimes  accompaaied 
by  delirium,  loss  of  speech,  and  the  power  of  swallowing. 
A  dilated  state  of  the  veins  of  the  cerebrum  has  been  attended 
with  head-aches,  which  are  very  severe  when  the  body  is 
pkced  in  a  horizontal  posture. 

When  the  smaller  arteries  of  the  eerebrum  are  preteraato- 
rally  enlarged,  while  those  of  the  cerebellum  are  not,  delirium 
has  taken  place,  followed  by  a  fit  resembling  apoplexy,  and  a 
paralytic  affection  of  one  side. 

An  obstruction  to  the  passage  ^  the  blood'  through  the 
i^ght  internal  carotid  artery,  was  attended  by  a  succesaon 
of  slight  apoplectic  fits,  unaceompaniedf  by  any  paralytic 
ejection. 

^  A  deep  wound  into  the  right  anterior  lobe  of  the  brain, 
attended  with  inflammation  and  suppuration,,  produced  no 
^nsation  whatever ;  the  seng^s  remaised  entire,  and  the 
person  did  not  know  that  the  head  was  injured. 

The  brain  shooting  out  in  the  form  of  fungus,  ofler^  the 
dura  mater  is  wounded,  has  no  effect  upon  any  of  liie  nerves, 
nor  is  it  attended  with  sensatioD  i  but  the  inflamed  pta  mater 
gives  great  pain. 

Loss  of  a  portion  of  the  meMHary-substaHeeefth^  anterior 
lobe  of  the  cerebrum,  produced  no  symptoms.    Losa  of  a 
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portion  of  one  of  the  hetniBpheres  was  attended  with  difficulty 
of  swallowing  for  twenty-four  hours,  and  slight  delirium  of 
short  duration.  Ulceration  of  the  anterior  lobe  of  the  brain^ 
as  low  as  the  anterior  comu  of  the  lateral  ventricle^  but  not 
communicating  with  it,  was  attended  with  paralysis  cf  both 
arms. 

In  a  case  of  a  penetrating  wound  into  the  right  hemi^here 
of  the  brain,  with  bone  forced  into  its  substance,  while  there 
was  an  opening  for  the  discharge  of  matter,  no  effects  were 
produced,  except  when  the  circulation  was  much  increased ; 
and  then  only  head-ache  and  numbness  in  the  left  side. 

Pressure  upon  the  medulla  spinalis  in  the  neck,  by  coagu- 
lated blood,  produced  paralytic  affections  of  the  arms  and  legs; 
all  the  functions  of  the  internal  organs  were  carried  on  for 
thirty-five  days,  but  the  urine  and  stools  passed  involuntarily* 

Blood  extravasated  in  Uie  central  part  of  the  medulla  in  the 
neck,  was  attended  with  paralytic  affection  of  the  legs  but  not 
of  the  arms. 

In  a  case  where  the  substance  of  the  meduUawas  lacerated 
m  the  neck,  there  was  paralysis  in  all  the  parts  below  the 
laceration  ;  the  lining  of  the  oesophagus  was  so  sensible,  that 
solids  could  not  be  swallowed^  on  accoimt  of  the  pain  they 
occasioned. 

Where  the  meduHa  in  the  back  was  completely  divided^ 
there  was  momentary  loss  of  sight,  loss  of  memory  for  fifteea 
.  minutes,  and  permanent  insensibiltty  in  ail  the  lower  parts  of 
the  body.  The  skin  above  the  dtvisJon  of  the  spinal  marrow 
perspired ;  that  below  did  not  The  wounded  spinal  marrow 
appeared  to  be  extremely  sensible. 


OntheNcOwrewdCwse^ihe  Pulse.  ByDr^PARRW 
Dr.  p.  takes  a  revie^v  of  the  different  theories  whidi  have 
been  proposed  to  account  fot  tiie  phenomenon  of  pulsation^ 
observing  that  the  greater  part  of  physiologists  had  contented 
"^emselves  with  the  opinion  of  Haller,  that  puTsa'tion  was  oc- 
casioned by  the  diastole  and  sjrstole  of  the  heart. 

His  view,  however,  of  the  question  is  much  simpknr;  on 
examining  different  arterie8>  where  they  were  exposed  to  no 
obstruction  or  pressure,  he  found  that  they  had  no  pulse  :  by 
pressing  the  finger  tm  an  artery  over  a  soft  part  of  the  body, 
which  yielded  sufficiently  to  the  pressure,  no  pulse  was  mani- 
fested ;  but  whenever  an  artery  was  pressed  otver  a  solid  part, 
then  a  pulse  was  immedittte^  fi»und.  He  repeated  tliese 
operations  severid  times,  and  uni&rmly  ibund  the^a^ie  effects. 


640  BAVT  ON  THE  FAINTS  Of   THB  AKCIKNTS. 

*  Hence  he  concludes,  that  the  pvAae  is  nothing  more  thaa 
the  re-action  or  impetus  of  the  blood  to  maintain  its  re^uibkr 
motion.  The  arteries  appear  only  as  canals  trough  which 
the  blood  flows  in  a  uniform  and  continuous  •curresit :  cLimi* 
nish  the  diameter  of  the  canals,  and  a  pulse  is  imoaediatelj 
perceived.  At  every  junction  of  a  vein  with  am  artery,  the 
internal  diameter  of  the  latter  is  diminished,  and  hence  a 
pulse  always  appears. 


Experiments  and  Observations  on  ^  Colours  used  in  Paini" 

ingfs  by  the  Ancients.    By  Sir  H.  Davy.  —  [1815.] 
*    The  works  of  Theophrastus,  Dioscorides^,  Vitruvius,  and 
Pliny,  contain  descriptions  of  the  substances  used  by  the  an- 
cients as  pigments;  but  hitherto,  I  believe,  no  experimental 
attempt  has  been  made  to  identify  them,  or  to  imitate  such 
of  them  as  are  peculiar.    The  experiments  of  this  philo- 
sopher have  been  made  upon  colours  found  in  the  baths  of 
Titus,  aiid  the  ruins  called  the  baths  of  Livia,'fflid  in  llie  re- 
mains of  other  palaces  and  baths  ^  ancient  Rome,  and  in  the 
turns  of  Pompeii.    He  was  enabled  to  select  with  his  own 
hands  specimens  of  the  difierent  pigments. tl»t  have  beea 
found  in  vases  discovered  in  the  excavaticMis  lately  made  be- 
heath  the  ruins  of  the  palace' of  Titus,  and  to  compare  them 
with  the  colours  fixed  on  the  walls,  or  detached  in  fragmeI^s 
of  stucco ;  and  he  was  allowed  aetuaUy  to  make  experiments 
Upon  the  colours  of  the  celebrated  picture  "  Nozze  Aldobraa* 
dine;"  but  he  adds,  "When  the  preservation  of  a  work  of 
art  was  concerned,  I  made  my  researches  upon  mere  atoms 
of  the  colour,  taken  from  a  place  where  the  loss  was  imper- 
ceptible :  and,  without  having  injured  any  of  the  precious 
remains  of  antiquity,  I  flatter  myself  I  shall  be  aUe  to  give 
some  information,  not  without  interest  to  sdeatiiic  nwen  as 
well  as  to  artkts,  and  not  wholly  devoid  of  practical  appUoa* 
tions." 

Of  €he  Red  Cohmrs  ef  ike  ^m»0»^.— Of  these,  three  spe- 
cies are  mentioned ;  one  bright  and  approaching  to  oran^ ; 
another  dull-red;  and  a  thirds  a  purplidi-red.  Onexposn^ 
the  bright-red  to  the  flame  of  alcohol,  it  beeame  dark^-red ; 
^d  on  increasing  the  heat  by  a  blow-pipe>  it  fused  into  a 
mass  having  the  appearance  of  litharge,  and  which  was 
proved^  to  be  this  substance  by  the  action  of  sulphuric  and 
Qiurlatic  acids :  this  colour  is  consequently  mtniumi  or  the 
red  oxide  of  lead.  By  other  processes,  which  are  particularj/ 
described^  he  found  that  the  duU  red  colour  is  an  Iron  ochre. 
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And  tke  pdrplisli-f  ed  wm  proved  to  be  an  ochre  of  a  iif- 

In  examining  the  fresco-paintings  in  the  baths  of  Titus^he 
^nind  that  these  colours  had  been  all  used,  the  ochres  in  par- 
ticular, in  the  shades  of  the  figures,  and  the  minium  in  the 
emaments  on  the  borders.  He  found  another  red  on  the 
walls,  g£  a  that  different  irom  those  in  the  vase,  and  muqh 
brighter,  and  which  had  been  employed  in  various  apart-: 
ments,  and  formed  the  basis  of  the  colouring  of  the  niche^ 
and  other  parts  of  the  chamber  in  which  the  Laocoon  is 
said  to  have  been  found:  this  proved  to  be  vermilion  or 
cinnabar ;  for,  on  heating  it  with  iron  filings,  quicksilver  was 
-procured^     

In  the  picture  "ftkeady  mendoned»  the  *^  Nozze  Aldobran- 
dine,"  the  reds  are  all  ochres:  on  these  reds  the  action  of 
adds,  of  alkalies,' and  of  chlorine  could  discover  no  traces 
either -of  ^minium  or<  vermilion  in  the  picture. .     .  ,      ^ 

'  Of  the  YeUows  of  the  Ancients.  —  A  large  earthen  pot, 
found  in  one  of  the  chambers  of  the  baths  of  Titus,  contamed 
*«  quantity  of  yellow  paint,  which,  when  submitted  to  chemi- 
ioalexammation,  proved  to  be  a  mixture  of  yellow  ochre  with 
chalk.  There  were  three  different  yellows;  two  of  them 
*^pro^^  to  be  yellow  ochres  mixed  with  chalk  in  different  pro- . 
pcJrtionB }  and  the  tlard^  a  yellow  odurci  mixed  with  red  oxide 
of  lead  or  minium. 

^ '  Ofth^JBhie  (Mnir§  <f'  ike  AnektUs.  *-  Different  shades  of 
blue  are  used  in  the  different-apartments  of  the  baths  of  Titus, 
'aiid  severfd  very  fine  blues  exist  in  the  mixtures  of  their  co- 
Io«*B.  These  bluet  are  of  efferent  hues,  according  as  they 
contain  larger  or  smaller  quantities  of  carbonate  of  lime ;  but, 
"wh&k  this  carbonate  is  dissolved  by  acids,  they  present  the 
same  body  colour,  a  very  fine  bhie  powder,  similar  to  the  best 
-smalt  or  uhramerine,  rough  to  the  touch,  and  which  does  not 
lose  its  colour  by  being  hinted  to  redness;  but  which  becomes 
agglutinated  and  semiJ^sed  at  a  white  heat. 
'  Cfmudent  Greens*  —•Hie  deep  sea-green  colouring  matter, 
taken  from  the  ceiling  of  the  chambers  called  the  baths  x>f 
lAvia,  proved  to  be  soluble  in  acids,  with  effervescence ;  and 
when  pFecipitaited  from  acids^  it  was  re-dissolved  in  solution 
of  ammonia,  givii^  it  a  br^ht  blue,  produced  by  copger. 
Tliere  ere  several  cWerent  shiudes  of  green  employ^  in  the 
baths  of  TttuS)  and  on  4ihe  fragments  found  near  the  monu- 
mefift  of  Caios  Gestius :  there  were  three  different  varieties  ; 
bn^,  which  approadied  to  olive^  was  the  common  green  eartli 
'  of  Verona;  another^  which  was  a  pfde  grass  green,  had  the 
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dnracter  of  euchatMe  of  copper^  jarixti  wilb  ehslk;  ani  « 
third,  which  was  a  sea-green,  was  a  combination  of  copga^ 
nixed  with  the  blue  •cq>per  ML 

Of  the  Purple  of  the  i^Mie«te-^Xh»  was  regarded  s 
their  moBt  beautiful  colour,  and  was  po^paiad  from  shell-fi^ 
AccorcUi^  taVilniYixiSy  the  colour  differed  according  to  the 
country  from  whidi  ^le  sheH-fish  was  thought;  tiiat  it  afforded 
a  colour  deeper  ood  mcxre  approaching  to  violet  firiHU  the 
northern  countries,  and  a  redder  colour  from  the  southen^ 
coasts.  The  finest  purple  had  a  tint  like  that  of  a  deep-o^ 
loured  rose ;  and  in  painting,  it  was  laid  on. to  give  the  last 
lustra  to  the  sandyx,  a  composition  made  by  calcining  tc^ge- 
ther  red  ochre  and  sandarach,  and  which,  it  is  inferred^  ; 
have  been  nearly  the  same  as  our  crimspp. 


An  Aceouni  ^same  Experiments  with  a  large  Vdtcde  jBaiUrg. 
ByJ.G,  Children,  Esq.  F.HS.^  [1 816  J 

Ths  copper  and  zinc  plates  of  this  apparatus  are  eon* 
•  nected  together  in  the. usual  order  by  Icaiden  straps;  th^ 
<  are  six  feet  long,  by  two  feet  eight  inches  brpad*  ^acb  plale 
|Mresentmg  32  square  feet  of  surface.    All  the  plates  areata 
r  Itched  to  a  strong  y^oodi&k&Bsae,  intsfwnd^  by  ropes  and 
pulleys,  which,  being  balanced  by'counterpoisesy  i»  easily  low- 
ered aiKl  elevated,  so  as  to.  immense  the  plates  in  the  aci«t  or 
raise  them  out  of  it  at  pleasure* 

The  first  trials  of  the  power  of  this  instrum^t  were  made 
in  Juhr  1813,  in  the  preseiHse  of  seveisil  philofophieal  friends ; 
but  the.  effect  then  feU  verj.  short  of  m^.  «xpl^tations»  aris- 
ing, as  I  afterwards  founds  n'om  adject  i^  the  construcfeioBy 
which  has.  heen  since  r^»edied»  ttsd  anjOther  oopper«plate 
added  to.each  member  of  the  series^  so  that  ev^i^cell  now 
contains  aiffi  zmo  and. two  copf^er-plates^  and  each  surface  of 
zinc  is  opposed  to .  a  surface  of  €(^^er. 

The  battery  wm  moderalely  excited  by  a  charge  ^  ooe 
part  acidi  diluted  with  40  part/Ei  of  water. 

Eap.  U  A  platina  and  a  gold  wire  hein^  coaaeeted  aad 
introduced  into  the  deetrical  ciKCiUt,  th^  platioa  was  instantly 
i^ited ;  the  gold  remained  unaffected. 

Eap.  2.  A  similar  aira9gem!en$  of  gold  and  silver  wires* 
The  gold  was  ignited,  the  ailver  not 

Exp.  3,  The  same  with  gold  and  .copper.  No  perceptible 
difference  in  the.  state  of  igniUon;  both  metals  were  heated 
red* 
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jBgo.  4w  6(^d  and  mm.  The  iron  WM^ntted;  thegoU 
unchanged. 

J5^.  5*  Pladna  and  iron.  The  iron  ignited  instanUj  at 
the  point  of  contaol,  next  the  pole  of  the  battery.  Then  tlie 
platina  beeame  ^mted  through  ita  whole  extent.  After  tbfai 
like  iron  became  more  intensely  heated  than  the  j^tkia,  and 
the  ignition  of  the  latter  decreased. 

J5j^  6.  Platina  and  zinc  The  platina  was  ignited:  tht 
nic  was  not ;  Irat  melted  at  the  point  of  contacts  In  a  sulh 
sequent  experimenti  the  zinc  did  not  mek;  but  the  pktfaui 
ignited  as  before. 

Bagp^  7.  Zinc  and  iron.  The  iron  was  Raited :  the  sine 
bore  the  heat  without  fusing. 

JSxp^  8.  Lead  aad.platina.  .The  lead  fuaed  at  tiie  point 
of  contact 

JEg^K  9.  Tin  and  p1atin&  The  tin  fused  at  the  point  of 
4)Mitact*  No  ignition  of.  either  wire  took  place  in  the  tico 
last  experiments. 

JBajK  10*  Zinc  and  sihrer.  The  unc  was  igliited  befitfo  it 
mellM:  die  sSver  w«s  notaffnked. 

JEap.  11.  Alternations  of  platina  and  silver,  lln^e  timOi 
Vefieated:  all  Ae  patina  wites  wc^e  igmled^^aad  none  of  die 
oHhrer. 

JEtp,  12.  One  zinc  wire -between  two  plitthias  bodi  tte 
platina  wires  were  Ignited,  the  zinc  not. 

Eap,  19.  One  iron  between  two  platina.  Both  the  latter 
first  Ignited ;  then  the  iron,  winch  soon  became  mast  heati»d 
and  fused. 

From  the  foregoing  results,  the  order  of  the  conducting 
powers  of  the  metals  tried  is  sihrer,  zinc,  gold,  oopper,  ircm, 
and  platina.  Tin  and  lead  fuse  so  immedmtely  at  uie  poiiit 
of  contact,  that  they  cannot  be  placed.  Betweot  gold  ibid 
copper  the  dillerence  is  trifling;  and  with  regnd  to  platina 
and  iron,  their  relations  to  each  otiber,  in  this  ctreumstano?, 
seem  to  be  affected  by  elevation  of  temperature.  It  may  be 
observed,  that  the  order  of  the  above  metals,  as  conductors 
of  electricity,  nearly  follows  that  of  their  powers  ta  conduct 
heat. 

In  an  experknent  in  which  equal  lengths  of  twio  ^atma  wires, 
of  unequal  diameter,  (the  larger  being  ^,  the  smaller  -^^of 
an  inch,)  were  placed  tc^tlier  in.  the  circuit  parallel  to  each 
other,  the  thicker  wire  was  ignited,  because  it  conveyed  more 
electricity  without  proportional  increase  of  cooling  suiface. 
When  connected  continuously,  die  order  of  ignition  was 
.roT^rsed*  ^        i 
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Hie  experiments  which  I  sow.  proceed  to  mentltni,  weie 
made  with  the  battery  m  a  high  state  of  excltaUpn  ;  and  J 
eonsider  them  as  representing  nearly  the  maxinauna  of  effect 
which  it  is  capable  of  producmg.  As  tbe  quanititj  ^  audi 
was  increased  from  time  to  time,  and  thfit  i>retviaus2j  adde^ 
often  almost  epent  before  fresh  was  put  in»  it  Is  not  ^asj.  to 
say  exactly  what  proportion  it  bore  to  the  water ;  pewbap9 
the  kirgest  may  be  stated  at  about  ^.  On  this,  as  an  for- 
mer occasions,  I  found  a  mixture  of  nitrous  aod.  stilpbHrie 
acids  to  prodiH^e  the  most  powerful  uid  perman^it  effects. 

JBxp.  1.  Five  feet  six  inches  of  platina  wire»  tV&  ^  ^^ 
inch  m  diameter,  were  heated  red  throughout,  visible  in  fiifi 
daylight 

1$^  2.  Eight  feet  six  inches  of  pktina  wire^  .^^  of  ao 
inch  in  diameter,  were  heated  red.  .    , 

ihep.  S.'  A  bar  of  platina,  one-sixth  of  an  inch  square,  and 
S}^  inches  long,  was  also  heated  red,  and  fui^ed  at  the  endj 
and,  A 

•  Sap.  4w  A  round  bar  of  the  same  metal,  -f^  of  an  inch 
in  diameter,  and  2^  inches  in  l^gth,  was  heated  brig^t-sed 
tiirbiighout. 

•  Sxp.  5.  Fine  points  of  boxwood  charcoal  intensely  ignited 
in  dilorine,  neither  suffered  an^f  change,  nor  produceil  a»j 
In  tiie  g^s.    7Ue  result  was  )»iihilar  wheh  heated  in  Bzote, 

I  endeavoured  to  ascertain  if  there  be  any  diffiBrence  in  the 
degree  of  heat  Reduced  at  either  pole  of  the  bafttery^  by 
placing  two  small  earthenware  cups,  each  containing  an  eqfuld 
weight  of  mercury,  in  the  circuit,  and  connected  togetl^r  by 
a  platina  wire  of  such  size  and  length  as  io  be  kept  constantfy 
ignited.  The  mercury  in  the  cup  cora&ected  with  the  mc 
end  of  the  battery  attained,  in  90  minutes^  temperature  of 
IdlS  that  in  the  other  cup  1 12®. 
-  The  battery,  even  in  its  most  active  state,  communicftMid 
M  enlarge  to  the  Leyden  phial. 


On  the  Safety  Lamp.  By  Sir  Humphrey  Djfy. 
In  an  introduction  to  his  paper  on  the  subject,  Sir  Humphiy 
Dav)r  observes,  that  it  is  impossible  to  converse  with  persons 
in  the  neighbourhood  of  the  collieries  where  explosions  have 
happened  from  the  fir^-damp,  and  not  to  be  strongly  afiected 
by  the  accounts  they  give  of  the  destruction  of  human  life, 
and  the  variety  of  human  misery,  which  have  been  produced 
b^  these  dreadful  accidents.  By  a  single  explosion  in  the 
Felling  colliery  94  persons  were  destroyed,  and  ^nearly  as  many 
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landilies  plunged  into,  deep  distress;  and  the  frequency  of 
4he  occurrence  of  these  catastrophesi  notwithstanding  the  im^ 
proTements  in  the  v^tilation  of  the  mines,  and  the  continued 
activity  of  the  persons  concerned  in  the  care  of  the  works,  liad 
almost  produced  a  feeling  of  despair  in  the  minds  of  many 
benevolent  persons  as  to  the  possibility  of  finding  a  remedy 
sufficiently  simple  and  economical  to  he  used  in  the  mines.    : 

When  he  found  that  explosive  mijctures,  admitted  through 
aorrow  metallic  canals,  brought  in  contact  with  flame,  biumt 
only  at  the  surface  where  they  issued,  he  had  hopes  of  keep- 
ing up  a  constant  flame  from  explosive  mixtures  issubg  from 
tubes  or  canals ;  but,  on  trying  tiiis,  even  in  atmospherical  air>. 
it  failed.  Conceiving  that  the  failure  was  owing  to  the  great 
cooling  powers  of  the  metallic  sides  of  the  canal,  it  occurred 
to  him  to  try  the  metallic  wire-flame  sieves,  and  with  these 
he  had  perfect  success.  .  v 

He  inclosed  a  very  small  lamp  in  a  cylinder  made  of  wire- 
gauze,  having  6400  apertures  in  the  square  inch,  and  closed 
all  apertures  except  those  of  the  gauze,  and  introduced 
the  lamp  burning  brightly  within  the  cylinder  into  a  large  jar, 
containmg  several  quarts  of  the  most  explosive  mixture  of  g88# 
from  the  distillation  of  coal,  and  air;  the  flame  of  the  wick  im- 
mediately disappeared,  or  rather  was  lost,  for  the  whole  of 
the  interior  of  the  cylinder  became  filled  with  a  feeble,  but 
steady,  flame  of  a  green  colour,  which  burnt  for  some  minutes, 
jtiU  it  had  entirely  destroyed  the  explosive  power  of  the  at*', 
mosph^e.  » 

Wire-gauze  may  therefore  be  substituted  for  born  or  gjasft 
In  the  safe-lanterns,  or  safe-lamps  to  be  used  in  the  collieries^ 
axid  no  air-feeders  below  the  flaxnp  will  be  necessary.  Hbe* 
vire«gaiize  admits  a  free  circulation  of  air,  while  it  emits  con- 
siderably more  light  tlian  common  horn.  Sir  Humphry  has 
had  smaU  cylindrical  caps  of  wire-gauze  made  to  fit  mall 
lamps  by  a  screw,  which  are  almost  as  portable  as'  a  coaunoi^ 
.candle  without  a  candlestick ;  and  which  are  trimmed  and 
supplied  with  oil  through  safe  apertures,  without  the  ne- 
cessity of  taking  off  the  cap.  A  similar  cap  may  be  used 
with  the  common  candles  of  the  colliers  introduced  by  an 
aperture  made  tight  with  moist  pipe-clay.  Brass-wire  gauze 
pf  the  proper  degree  of  fineness  is  manufactured  for  tl^  use^ 
of  mills  and  for  sieves.  Gauze  which  contained  3600  aper- 
tures in  a  square  inch,  is  sufficiently  fine  to  prevent  explosion 
used  as  a  cylinder ;  but  it  did  not  bear  the  proof  of  a  concentred 
explosion  n:om  a  dose  glass  vessel.  Gauze  of  ^000  apertures 
to  the  square  inch  stood,  however,  this  severe  teat    He  has 
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generally  used  gauze  of  6400  af>erttirea ;'  snd  he  h«a  seai 
fiaited  wire-gauze,  which  is  sdd  at  Edii^urgh,  so  ^ae,  tint 
the  square  inch  contains  13,200  apertures. 

With  the  wire*safe-lam|),  or  guarded  candle,  die  miner  maj 
expkire  all  parts  of  the  mine  where  explosive  mixtures  exists 
and  the  state  of  the  flame  will  diow  him  the  degree  of  con- 
tamination of  the  air.  As  the  fire*damp  mixes  with  the  aiT) 
the  flame  will  enlarge.  When  the  fire-aamp  has  reached  its 
explosive  point,  his  cylinder  will  be  tilled  with  flame ;  but  the 
flame  of  his  wick  will  appear  witiiin  the  flame  of  the  fire-damp. 
As  the  inflammable  gas  increases  in  quantity,  the  flame  of  the 
lamp  will  -disappear,  and  the  flame  in  his  cylinder  will  become 
paler ;  and  this  ought  to  be  a  signal  to  him  to  leave  that  part 
of  the  workings.  For  when  the  flame  of  the  fire-damp  is  ex- 
tmguished)  though  the  air  may  be  sufficiently  respirable  to 
enable  him  to  make  good  his  way,  yet  it  cannot  be  breathed 
sadRely  for  any  considerable  length  of  time. 

Thus  it  appears  firom  these  experiments,  that  no  new  lamp 
er  other  apparatus  is  necessary  to  prevent  explosions  ;  that 
the  lamps  now  in  use,  when  covered  with  a  wire-gauze  screen, 
are  not  only  perfectly  sufficient  to  preserve  the  miners  from 
all  danger,  but  even  may  be  used  to  consume  the  fire-damp 
by  burning  it  to  show  them  light  Bjr  surrounding  the  lamp 
with  a  fine  wire-gauze  screen,  saturatmg  the  screen  with  fire- 
damp and  inflaming  the  whole,  the  wire,  if  fine,  and  the  aper- 
tures not  exceeding  ^^thof  an  inch,  may  be  made  red  hot  with- 
out exploding  the  circumambient  fire-damp.  With  a  small  por*- 
tion  of  fire-damp  in  the  screen,  the  flame  m  the  lamp  is  visible; 
but  when  a  considerable  portion  is  thrown  into  it,  the  whole 
becomes  one  entire  flame.  In  this  manner  the  carbmretted 
hydrogen  gas  may  be  burned  under  the  screen  witliout  the 
least  i^ger  of  exploding  the  gas  around  it. 

The  present  paper  contains  a  variety  of  experiments  to 
ascertain  the  smallest  number  of  apertures  in  a  square  inch 
which  can  be  used  without  danger  of  exploding.  Wire- 
gauze  having  apertures  ^^^tK  of  an  inch,  when  the  wire  became 
red  hot,  exploded ;  but  gauze  with  apertures  only  of  ^  were 
perfectly  secure  even  with  the  greatest  heat.  In  some  of  his 
expieriments,  Sir  Humphry  used  gauze  having  6000  apertures 
in  a  square  inch,  which  was  found  as  perfectly  secure  as  a 
brick  wall  could  have  been  against  explosion* 
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'O/J  ^  Influence  of  the  Nerves,    By  Dr.  Wilson  Philip. 

It  has  been  long  known  that  when  the  nerves  which  supply 
the  voluntary  muscles  are  deranged  or  divided,  the  powers  of 
the  muscle  are  interfered  with,  and  that  any  injury  done  to 
the  nerves  which  supply  the  organs  of  secretion,  interrupt  or 
modify  the  functions  of  the  gland,  and  the  composition  of  the 
secretion. 

That  the  function  of  digestion  is  connected  with  the  oper^ 
^tion  of  the  eighth  pair  of  nerves.  Dr.  Philip  proves  by  feed- 
ing rabbits  with  parsley,  and  immediately  after  dividing 
those  nerves  in  the  neck.  After  some  hours  the  anunaJi  was 
killed,  and  the  parsley  found  unchanged  in  the  stomach.  Ib 
another  experiment  the  rabbit  was  fed,  and  the  nerves  divided 
as  before ;  their  extremities  were  covered  with  tin  foil,,  and 
the  hair  opposite  the  stomach  being  removed,  a  shilling  was 
laid  upon  that  spot ;  the  foil  and  the  shilling -were  then  con* 
nected  with  a  battery  of  47  four-inch  plates,  the  action  of 
which  was  continued  by  dilute  muriatic  acid  fiw  twenty*six 
hours,  when  the  animal  was  killed,  and  the  parsley  was  as  per* 
fectljr  digested,  says  Dr.  PhUip,  as  in  the  ston^ch  of  a  healthy 
rabbit.  Hence  Dr.  Wilson  Philip  concludes,  that  nervous  iur 
fiuence  and  galvanic  influence  are  identical. 

The  remamder  of  the  paper  relates  principally  to  the  gener- 
ation' of  heat  in  animals,  which  Dr.  Philip  refers,  with  Mr. 
Brodie,  to  the  influence  of  the  nerves.  He  c<msiders  animal 
heat  as  a  secretion. 


Some  Account  of  the  Feet  of  those  Animals  w''ose  progressive 
Motion  can  be  carried  on  in  Opposition  to  Gravity,  By 
Sir  ErsRABD  Home. —  [1817.] 

Thb  lacerta  gecko,  a  native  of  Java,  possesses  tliis  power: 
it  is  an  animal  of  considerable  size,  weighing  above  five 
ounces.  Each  foot  has  five  toes,  which  terminate  in  a  crooked 
claw:  round  the  toe  there  are  a  set  of  transverse  open^ 
ings  or  pockets  with  serrated  edges.  When  these  attacl^ 
themselves  to  the  wall,  the  pockets  are  extended  by  a  set  of 
muscles  adapted  for  the  purpose ;  a  vacuum  is  formed  in  each,; 
and  the  consequent  pressure  of  the  air  is  sufficient  to  keep 
the  foot  attached  to  the  wall,  and  to  support  the  weight  of 
the  animal.  The  structure  of  the  top  of  the  head  of  the 
echineis  remora,  or  sucldng-fish»  and  the  structure  of  tho  feet 
of  flies,  must  be  similar. 
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Q^Mtf  Construction  and  Extent  of  the  Milhy  Way.     JBtf  Sk 
W.  Hbrschsl —  [1818,] 

Of  all  the  celestial  objects,  consisting  of  stars  not  vis^ 
to  the  eye»  the  milky  way  is  the  most  striking ;  its  jgenertl 
i^peanmce,  withoul;  applying  a  telescope  to  it,  is  that 'of  a 
zone,  surromiding  our  situation  in  the  solar  system,  in  tlie 
shape  of  a  succession  of  difierently-condensed  pabdies  «f 
brightness,  intermixed  with  others  of  a  fainter  tinge. 
'    The  breadth  of  the  milky  way  appears  to  be  very  craeqnaL 
In  a  few  places  it  does  not  exceed  five  degrees ;  biit,  in  seveni 
constellations,  it  is  extended  from  10  to  16.     In  its  course  it 
runs  nearly  120  degrees  in  a  divided  clustering  stream,  of 
which  tlie  two  branches  between  Serpentarius  and  Antinota 
are  expanded  over  more  them  22  degrees. 

That  the  sun  is  within  its  plane,  may  be  seen  by  an  (Ah 
server,  in  tne  latitude  of  about  60  degrees ;  for,  when  at  100 
degrees  of  right  ascension,  the  milky  way  is  in  tiie  ea^t,  it 
will,*  at  the  same  time,  be  in  the  west  at  280 ;  while,  in  its 
meridional  situation  it  will  pass  throi]^h  Cassiopea  in  the 
Zenith,  and  through  the  constellation  of  the  cross  in  the 
Nadir.  •  •         ^ 

From  this  survey  of  the  milky  way  by  the  eye,  I  shall  nptr 
|Mfoceed  to  show  what  appears  to  be  its  construction,  by  ap- 
plybg  to  it  the  extent  of  telescopic  vision.  *      ^ 

From  the  formula  which  has  been  given,  I  calculated  a 
set  of  apertures,  which,  by  limiting  the  light  of  the  finder  of 
my  seven-feet  reflector,  would  reduce  its  space-penetrating 
power  to  the  low  gauging  powers  two,  three,  and  four.  I 
then  limited,  in  the  same  manner,  the  space^penetrating 
power  of  my  night-glass,  by  using  calculated  apertures,  such 
as  would  give  the  gauging  powers  five,  six,  seven,  and  e%ht 
From  the  space-penetrating  power  of  the  seven-feet  reflector^ 
I  obtained,  by  limitation,  the  successive  gauging  powers  nine," 
ten,  and  upwards,  to  seventeen.  And  lastly,  by  limiting  the' 
space-penetrating  power  of  my  ten-feet  reflector,  I  carried 
the  gauging  powers  fi*om  seventeen  to  twenty-eight. 

With  a  ten-feet  reflector,  reduced  to  a  gauging  power  of  18, 
I  saw  a  great  number  of  stars  :  they  were  of  very  dilFerent 
magnitudes,  and  many  whitish  appearances  were  so  fiiint,'^ 
that  their  consisting  of  stars  remained  doubtful.  The  power 
19,  which  next  I  used,  verified  the  reality  of  several  sus- 
pected stars,  and  increased  the  lustre  of'  the  former  ones.' 
With  20,  22,  and  25,  the  same  progressive  verifications  of 
suspected  stars  took  place ;  and  those  which  had  been  verified 
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by  the  preceding  powers,  received  subsequent  ad^itiox^al 
illumination.  With  the  whole  space-penetrating  power  of  the 
instrument,  which  is  28.67,  the  extremely  faint  stars  in  the 
fi^d  of  view  acquired  more  light,  and  many  still  fainter  sus- 
pected whitish  points  could  not  be  verified  for  want  of  a  stili 
higher  gau^ng  power.  The  stars  which  filled  the  field  of 
view  were  of  every  various  order  of  telescopic  magnitudes  ; 
and  were  probably  scattered  over  a  space  extending  from 
the  204<th  to  the  344th  order  of  distances. 

From  the  great  diameter  of  the  mirror  of  the  40-feet  tele- 
scope, we  have  reason  to  belieye,  that  a  review  of  tbe  iriilky 
way  with  this  instrument  would  carry  the  extent  of  this 
brilliant  arrangement  of  stars  as  far  into  space  as  its  pene- 
trating power  can  reach,  which  would  be  to  the  2300dth  order 
of  distances ;  and  that  it  would  then  probably  leave  us  again 
in  the  same  uncertainty  as  the  20  feet  telescope. 

What  has  been  said  of  the  extent  and  condition  of  the 
milky  way,  in  several  of  my  papers  on  the  construction  of 
the  heavens,  with  the  addition  of  the  observations  contained 
in  this  attempt,  to  give  a  more  correct  idea  of  its  profundity 
in  space,  will  nearly  contain  all  the  general  knowledge  we  can 
ever  have  of  this  magnificent  collection  of  stars.  To  enter 
upon  the  subject  of  the  contents  of  the  heavens,  in  the  two 
ccgnparatively  vacant  spaces  on  each  side  adjoining  the  milky 
way,  the  situation  of  globular  clusters  of  planetary  nebulae, 
and  of  far  extended  nebulosities,  would  greatly  exceed  the 
compass  of  this  paper ;  I  shall  therefore  only  add  one  re- 
marKable  conclusion,  tliat  may  be  drawn  from  the  experi- 
ments which  have  been  made  with  the  gauging  powers. 

Let  a  circle,  drawn  with  the  radius  of  the  twelfth  order  of 
distances,  represent  a  sphere  containing  every  star  that  cah 
be  seen  by  the  naked  eye  ;  then,  if  the  breadth  of  the  milky 
way  were  only  five  degrees,  and  if  its  profundity  did  not 
exceed  the  900dth  order  of  distances,  the  two  parallel  lines 
in  the  figure,  representing  the  breadth  of  the  milky  way,  will, 
on  each  side  of  the  centre  of  the  inclosed  circle,  extend  to 
more  than  the  39th  order  of  distances. 

From  this  it  follows,' that  not  only  our  sun,  but  all  the 
stars  we  can .  see  with  the  eye,  are  deeply  immersed  in  the 
milky  way,  and  form  a  component  part  of  it. 
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Astronomical  Observations  cfid  JBxperimentSy   selected  for  the 
Purpose  of  ascertaining  the  relative  Distances  of  Clusters  of 
Stars,  and  of  investigating  how  far  the  JPoioer  <f  our  Te- 
lescopes may  be  expected  to  rea^ch  into  Spaccy  tohen  directed 
to  ambiguotis  celestial  Objects,    By  Sir  Wm.  JB[erschel. 
In  my  last  paper  oa  the  local  arrangement  of  the  celestial 
bodies  in  space^  I  have  shown  how,  by  an  equalisation  of  the 
light  of  stars  of  different  brightness,  we  may  ascertain  their 
relative  distances  from  the  observer,  in  the  direction  of  the 
line  in  which  they  are  seen ;  and  from  this  equalisadon,  a 
method  of  turning  the  space-penet^ng  power  of  a  telescope 
into  a  gradually  increasing  series  of  gaugm^  powers  has  been 
deduced,  by  which  means  the  profundity  m  space,  of  every 
object  ccmsisting  of  stars,  can  be  ascertained,  as  i^  as  the 
light  of  the  instrument  which  is  used  upon  this  occasion  will 
reach. 

When  the  nature  or  construction  of  a  celestial  object  is 
called  ambiguous,  this  expression  may  be  looked  upon  as  re« 
ferring  either  to  the  eye  of  the  observer,  or  to  the  telescope 
by  which  it  has  been  examined^ 

If  a  cluster  of  stars  in  a  very  small  telescope  will  ^pear 
like  a  star  with  rather  a  larger  diameter  than  stars  of  the  same 
size  generally  have,  we  shall  certainly  be  authorised  to  con-* 
elude,  that  an  object  seen  in  a  larger  and  more  perfect  t€^« 
scope  as  a  star  with  rather  a  larger  diameter,  is  also  an 
ambiguous  object,  and  might  possibly  be  proved  to  be  a  cluster 
of  stars,  had  we  a  superior  instrument  by  which  we  could  ex- 
amine its  nature  and  construction^ 

This  seems  to  throw  some  light  upon  a  species  of  obj^ts 
called  stellar  nebulas,  140  of  which  have  been  inserted  in  my 
catalogues.  For,  as  it  has  just  been  mentioned,  that  a  lO^feet 
telescope  may  become  a  finder  to  a  20-feet  one,  tiie  20-feet 
telescope  itself  will  be  but  a  finder  to  objects  that  are  so  hx 
out  of  its  reach  as  not  to  appear  otherwise  than  ambiguous ; 
nay,  the  40-feet  telescope,  when  it  is  but  just  power^ 
enough  to  show  the  existence  of  an  object  wmch  decidedly 
differs  from  the  appearance  of  a  star,  may  then  truly  be  called 
a  finder. 

Celestial  objects  can  only  be  said  to  remain  ambiguou^ 
when  the  telescopes  that  have  been  directed  to  them  leave  it 
undetermined  wheth^  they  are  composed  of  stars  ox  of  ne- 
bulous matter. 

In  10  observations,  the  gauges  applied  to  the  milky  way 
were  found  to  be  arrested  in  their  progress  by  the  extreme 
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smallness  and  faintness  of  the  stars ;  this  can,  however,  leave 
no  doubt  of  the  progressive  extent  of  the  starry  regions ;  for 
when,  in  one  of  the  observations,  a  faint  nebulosity  was  sus- 
pected, the  application  of  a  higher  magnifying  power  evinced 
that  the  doidbtful  appearance  was  owing  to  an  intennixture  of 
ipany  stars  that  were  too  minute  to  be  distinctly  perceived 
with  the  lower  power ;  hence  we  may  conclude,  that  when 
our  gauges  will  no  longer  resolve  the  milky  way  into  stars,  it 
is  not  because  its  nature  is  ambiguous,  but  because  it  is 
&thomles8. 

In  the  depth  of  the  celestial  regions,  we  have  hitherto  only 
been  acquainted  with  two  different  principles,  —  the  nebulous 
and  the  sidereal.  The  light  of  the  nebulous  matter  is  com- 
paratively very  jiaint,  and,  except  in  a  few  instances,  invisible 
to  the  eye.  It  is  also  in  general  widely  diffused  over  a  great 
expanse  of  space,  in  which,  by  an  increase  of  faintnessj  it 
g^enerally  escapes  the  sight :  the  light  of  stars,  on  the  con- 
trary, is  comparatively  very  brilliant,  and  confined  to  a  small 
point,  except  when  many  of  them  are  collected  together  in 
clusters,  when  their  united  lustre  sometimes  takes  up  a  con- 
siderable number  of  minutes  of  space ;  but  in  this  case  the 
Btars  of  them  may  be  seen  in  our  telescopes ;  aqd  by  the  ob^ 
gervations  that  have  been  given,  it  appears  that  when  they  are 
viewed  with  instruments  gradually  inferior  to  those  which 
prove  them  to  be  clusters  of  stars,  their  diameters,  seen  with 
leis  light  and  a  smaller  magnifying  power,  are  ^nerally  con^ 
tracted ;  a  globular  cluster  i^  re<hiced  to  a  cometic  appear- 
ance, to  an  ill-defined  star  surrounded  by  nebulosity,  and  to 
a.  mere  small  star  with  rather  a  lai^er  diameter  than  stars  of 
the  s^me  size  generally  have.  In  consequence  of  these  con- 
siderations, it  seems  to  be  highly  probable  that  some  of  the 
cometic,  many  of  the  planetary,  and  a  considerable  number  of 
the  stellar  nebube^  are  clusters  of  stars  in  disguise,  <mi  account 
of  their  being  ^o  deeply  immersed  in  space,  that  none  of  the 
^uging  powers  of  our  telescopes  have  hitherto  been  able  to 
reach  £hem.  The  distance  of  objects  of  the  same  appear- 
ances, but  which  are  of  a  nebulous  origin,  on  the  contrary, 
must  be  so  much  less  than  that  of  the  former,  that  their  pro- 
fundity in  space  may  probably  not  exceed  the  QOOdth  order. 

The  method  of  equalising  the  light  of  stars  on  which  the 
gauging  power  of  telef  copes  has  been  established,  may  also  be 
applied  to  give  us  an  estunate  of  the  ext^it  of  their  power  to 
reach  ambiguous  celestial  objects. 

When  the  united  light  of  a  cluster  of  stars  is  visible  to  the 
#je,  tber^  w^l  tl^en  be  a  certain  maximum  of  distance  to  which 
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the  same  cluster  might  be  removed,  so  as  stiQ  to  teaam 
visible  in  a  telescope  of  a  given  space-penetrating  powef'; 
and  if  the  distance  of  this,  cluster  can  be  ascertained  by  tbe 
gauging  power  of  any  instrument  diat  will  just  show  the  stars 
of  it,  the  order  of  the  profundity,  at  which  the  cluster  could 
still  be  seen  as  an  ambiguous  object,  may  be  ascertained  by 
the  space-penetrating  power  of  the  telescope  through  which 
it  is  observed.  But  as  the  aggregate  brightness  of  the  stars 
depends  entirely  on  their  number  and  arrangement,  this 
method  can  only  be  used  with  clusters  of  stars  that  have  been 
actually  observed. 


On  the  Anomaly  in  the  Variation  of  the  Needle.    By  CapiaiM 

SCOHESBY.  —  [1819.] 

^    The  following  are  the  results  of  his  observations : 
;    4J1  the  iron  on  board  a  ship  has  a  tendency  to  become 
magnetical,  the  upper  ends  of  the  opposite  bars  being  south, 
ana  the  lower  north  poles  in  the  northern  hemisphere,  and 
vice  verad. 

The  combined  influence  of  all  the  iron  is  concentrated  into  a 
focus,  the  principal  south  pole  of  which  being  upward  in  the 
northern  hemisphere^  is  situated  in  general  near  the  middle 
of  the  upper  deck. 

This  focus  of  attraction^  which  appears  to  be  a  south  pole 
in  north  dip,. attracts  the  north  point  of  the  compass,  and  pro- 
duces the  deviation  in  the  needle. 

This  deviation  varies  with  the  ^p  of  the  needle,  the  position 
of  the  compass,  and  the  direction  of  the  ship's  head.  It 
increases  and  diminishes  with  the  dip,  and  vanishes  at  the 
magnetic  equator.  It  is  a  maximum  when  the  ship's  course 
is  west  or  east,  and  it  is  proportional  to  the  sines  of  the  angles 
between  the  ship's  head  and  the  magnetic  meridian. 

A  compass  pkced  in  either  side  of  the  ship's  deck,  directly 
opposite  to  the  focus,  gives  a  correct  indication  on  an  east  or 
^est  course,  but  is  subject  to  the  greatest  deviation  when  the 
ship's  head  is  north  or  south. 


Theory  of  Mieia.    By  Sir  H.Djrr.^  11819.'] 

Land  and  water  are  cooled  after  sunset  in  a  very  diftrent 
manner.  The  impression  of  cooling  on  the  land  b  limited  to 
the  surface,  and  is  very  slowly  transmitted  into  the  interior ; 
whereas  in  water  the  upper  stratum,  when  cooled,  descends, 
and  has  its  place  supplied  by  warmer  water  from  below.    Ili^ 
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MF&ce  of  the  water  w^l,  therefore^  in  calm  and  clear  weather, 
and  in  temperatures  above  45°  Fahr^  be  warmer  than  that  of 
the  o<mtiguous  land ;  and,  consequently,  the  air  above  the  land 
will  be  cooler  than  that  above  the  water.  When  the  cold  air, 
therefor^  from  the  land  mixes  with  that  above  the  water,  both 
of  them  containing  their  due  proportion  of  aqueous  vapour,  a 
mist  or  £og  must  be  the  result. 


On  Ae  Geohffy  of  PlymouXh  and  Us  Vicinity.    By    -^ 
Mr.  WmDBEY.  —  l\%2\.'] 

The  mountain  limestone  of  Plymouth  lies  directly  upon 
day-slate,  and  is  remarkably  scanty  in  organic  remains;  it 
includes  certain  caverns,  perfectly  msulated,  some  of  which 
are  incrusted  with  stalactite,  and  present  nothing  remarkable. 
In  others,  the  author  has  discovered  certain  fossil  bones  in 
caves  without  any  stalactical  incrustation,  having  only  a  little 
dry  clav  at  the  bottom.  **  The  cavity  was  entirely  sur-^ 
rounded  by  compact  limestone  rock,  about  eight  feet  above 
high  water  mark,  55  feet  below  the  surface  of  the  rock,  174 
yards  from  the  original  face  of  the  quarries,  and  about  120 
yards  in  that  direction  from  the  spot  where  the  former 
bones  were  found  in  1816.*'  The  bones  are  those  of  the 
rhinoceros,  the  bear,  and  an  animal  of  the  deer  kind,  and  of 
another  animal  of  the  size  of  the  bear. 


The  Croonidn  Lecture;  or.  Microscopical  Observations  <m  iher 
Brain  and  Nerves.    By  Sir  Evebabj)  Home,  Bart. 

This  paper  shows  that  the  materials  of  which  the  brain 
and  nerves  are  composed  exist  in  the  blood.  Bauer  ex- 
amined the  optic  nerve,  and  found  it  to  consist  of  many- 
bundles  of  fine  fibres,  formed  of  very  minute  globules  united 
by  a  soluble  transparent  jelly.  "  By  the  discovery  of  this 
transparent  substance,'*  says  Sir  Everard,  <<  we  becomig 
acquainted  with  the  nature  of  the  medullary  structure  of  the 
nerves,  and  can  form  some  idea  of  their  action,  which  till  now 
I  confess  myself  to  have  been  totally  unacquainted  with.  The 
nerves  as  well  as  the  retina  are  composed  of  this  newly  dis- 
covered transparent  substance,  which  is  very  elastic  and  soluble 
in  water,  ancf  globules  of  -^-^  and  -x^^jf  parts  of  an  inch  in 
diameter.  Its  transparency  and  solubility  account  for  its 
having  remained  concealed ;  and  were  it  not  coagulable,  in 
vhich  state  it  becomes  opaque,  its  existence  might  even  now 
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be  ooDfiidered  as  equivocal."  The  brain  is  also,  accordiiig  «o 
Bauer,  a  conglomerate  of  globules  and  soluble  mucus,  the 
former  arranged  into  fibres  and  bundles,  held  together  bj  the 
latter.  It  is  pervaded  by  blood-vessels,  but  the  arteries  never 
anastomose,  and  the  veins,  which  are  very  small,  are  supplied 
widi  valves,  and  perform  the  office  of  Ijmiphatics,  carrying 
the  absorbed  matter  into  the  superior  longitudinal  einus. 

<<  That  the  cortical  part  of  the  bram  is  die  seat  of  raemory, 
is  an  opinion,'*  says  Sir  Everard,  <<  which  I  have  long  enter- 
tained, from  finding  <iiat  any  continued  undue  pressure  upon 
the  upper  anterior  part  of  the  brain  entirely  destroys  memory, 
and  a  less  degree  materially  diminishes  it.    Pressure  upon  the 
dura  mater,  where  the  skull  has  been  trepanned,  puts  a  tem- 
porary stop  to  all  sense,  which  is  restored  the  moment  that 
pressure  is  removed;  and  the  organ  appears  to  receive  no 
mjury  firom  repeated  experiments  of  this  kind  having  been 
made.    In  hydrocephalus,  when  the  fluid  is  in  large  quantity, 
and  there  only  remains  the  cortical  part  of  the  brain  and  the 
pons  Varolii  connecting  it  to  the  cerebellum,  all  the  functions 
go  on,  and  the  memory  can  retain  passages  of  poetry,  so  as 
to  say  them  by  heart ;  but  a  violent  shdke  of  the  head  pro* 
duces  instant  insensibility.     Pressure    m  a  slight  degree 
produced  in  one  case  complete  derangement,  with  violent 
excess  of  passion,  both  of  which  went  off  upon  removing,  by 
the  crown  of  the  trepan,  the  depressed  bone." 

And  adverting  to  the  abundance  and  office  of  the  trans- 
parent mucus.  Sir  Everard  says,  <<  There  can  be  no  doubt 
that  the  communication  of  sensation  and  volition  mdre  or 
less  depend  upon  it.'*  Indeed,  it  is  evident  that  those  func- 
tions cannot  be  ascribed  to  any  individual  component  of  the 
brain  and  nerves,  but  belong  to  them  as  entire  structures. 

The  remainder  of  this  part  of  the  lecture  is  taken  up  in 
attempting  to  shoir  that  the  above-mentioned  mucus  exists 
ready  formed  in  the  blood,  and  that  it  is  the  medium  <<  by 
which  the  colouring  matter  is  attached  to  the  surface  of  the 
red  globules ;  '*  and  that  fat  may  exist  in  the  blood.  TKe 
next  portion  of  this  lecture  is  devoted  to  the  provision  for 
carrpng  off  the  fluids  taken  into  the  stomach,  whenever  the 
quantity  or  quality  interferes  with  the  process  of  digestion. 
"  To  do  this  by  the  route  of  the  thoracic  duct  was  not  only 
too  circuitous  to  correspond  with  the  general  simplicity  of 
the  operations  of  nature,  but  was  mixing  these  heterogeneous 
liquids  in  too  crude  a  state,  with  the  general  circulation  of 
the  blood.  That  there  was  some  unusual  mode  of  conveying 
6uids  from  the  stomach  to  the  urinary  bladder,  I  have  upon 
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'0  fottnef  occasion  established,  since  they  arrived  there  when 
.  both  the  pylorus  and  thoracic  duct  were  tied  up,  and  the 
spleen  was  removed  out  of  the  body ;  but  till  the  fact  of 
valvular  vessels  supplying  th6  office  of  absorbents  was  ascer^ 
tained,  any  opinion  respecting  the  route  of  fluids  from  the 
stomach  must  continue  to  be  entirely  hypothetical." 

Sir  Evelrard  then  demonstrates  the  existence  of  such 
vessels,  and  describes  their  situation  and  appearance,  by 
engravings  of  Bauer's  drawings. 

'*  To  show  the  course  of  the  absorbed  fluids,  as  well  as  to 
give  a  clear  idea  of  every  thing  connected  with  so  important 
a  discovery,  a  drawing  of  the  spleen,  the  vas  breve,  and 
cardiac  portion  of  the  stomach,  is  annexed ;  and  as  the  trunk 
of  the  splenic  vein  forms  one  of  the  trunks  of  the  vena  portae, 
the  liqmds  are  directly  carried  to  the  liver,  forming  a  part 
of  the  materials  employed  in  producing  the  bile  ;  the  remain- 
der only  returning  by  the  vena  cava  to  tha  heart. 

'<  This  additional  quantity  of  liquids  passing  along  the 
splenic  vein  accounts  for  its  being  five  times  the  size  of  the 
artery,  as  well  as  for  the  blood  in  that  vein  having  a  greater 
proportion  of  serura  than  the  blood  in  any  other,  which  has 
been  Ipng  asserted,  and  which  I  found  by  actual  experiments 
to  be  the  case ;  but  bein^  unable  to  account  for  it,  as  I  can 
now,  I  was  willing  to  admit  that  the  mode  of  measuring  might 
be  erroneous." 

The  spleen  is  then  shown  to  consbt  of  blood-vessels, 
between  which  there  is  no  cellular  membrane,  the  interstices 
being  filled  with  serum,  and  with  the  colouring  matter  of  the 
blood  from  the  lateral  orifice  in  the  veins,  when  these  vessels 
are  distended ;  which  serum  is  afterwards  removed  by  the 
absorbents  belonging  to  the  organ,  and  carried  into  the 
thoracic  duct  by  a  very  large  absorbent  trunk ;  so  that  from 
this  mechanism  "  the  spleen  appears  to  be  a  reservoir  for  the 
superabundant  serum,  lymph  globules,  soluble  mucus,  and 
colouring  matter,  carried  into  the  circulation  immediately 
after  the  process  of  digestion  is  completed." 


The  JBakerian  Lecture^  an  the  ComposUum  and  Analysk  <>f 
the  in^amfndMe  gaseous  Compounds  restdting  from  €ia  de-^ 
structive  Distillaiion  of  Coal  and  Oil;  wWi  some  Remarks 
on  their  relative  heating  and  iUuminaiing  Powers.  By 
William  Thomas  Bsand^^  Esq.  —  [1821,] 
The  gases  used  in   the    following    experiments,   except 

where  it  is  otherwise  expressly  stated,  were  those  employed 
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for  the  common  purposes  of  iUumination ;  the  coal  gas  beii^ 
that  supplied  from  tne  Company's  works  in  Westminster^  and 
the  on  gas  furnished  by  the  decomposition  of  common  whak 
oil,  in  an  apparatus  erected  for  that  purpose  at  Apothecaries 
Hall. 

My  first  object,  in  the  examination  of  coal  gas,  was  to  as- 
certain its  specific  gravity ;  and  the  first  that  I  examined 
was  so  low  as  .4450,  and  purified  in  the  usual  way,  bj  coi^ 
densation  in  cold  vessels,  and  passing  through  lime  water,  it 
was  as  high  as  .4940. 

Having  filled  the  gasometer  with  purc^  defiant  gas,  it  was 
allowed  to  issue  from  a  brass  jet,  havmg  a  single  perforatioo 
of  ^.of  an  inch  diameter,  under  a  pressure  of  a  half  incb 
column  of  water ;  it  was  then  inflamed^  and  regulated  by 
means  of  a  stop-cock,  so  as  to  produce  a  light  equal  to  that  of 
a  wax  candle  burning  with  full  brilliancy ;  the  relalsve 
intensity  of  the  light  of  these  fiames  was  ascertained  by  s 
comparison  of  shadows.  '  Under  these  circmnstanees,  the 
consumption  of  gas  was  found  »  64:0  cubical  inches  per  boor, 
or  0.37  cubical  feet.  When  the  same  burner  was  used  with 
oil-gas,  it  consumed  800  cubioal  inches  per  hour,  or  =  (X47 
cubical  feet. 

I  now  employed  an  Argand  burner,  with  a  cylindrical  glassy 
constructed  in  the  usual  way,  with  12  holes,  each  of  the  same 
dimensions  as  thai  of  the  smgle  jet,  and  forming  a  circle  0.7 
inch  diameter.  The  pressiu-e  being  0.5  inch,  the  flame  was 
so  regulated  as  to  bum  with  its  full  intensity  without  pro- 
ducing smoke,  and  its  light  being  measured  by  a.  comparison 
of  shadows,  it  was  found  eqtial  to  10  wax  candles.  The 
consumption  of  gas  amounted  to  2600  cubical  inches,  or  about 
a  cubical  foot  and  a  half  per  hcfur. 

The  apertures  of  burners  for  coal  gas  require  to  be  oonsl^ 
derably  larger  than  those  for  olefiant  or  oil  gas.  In  the 
burner  employed  in  the  following  experiments,  each  hole  was 
■^  inch  diameter,  and  the  circle  upon  the  circumference  of 
which  they  were  placed,  was  0.9  inch  diameter.  The  light 
of  the  flame  was  found  equal  to  five  wax  candles  only,  and 
the  consumption  of  gas  per  hour  amounted  to  6560  cubical 
inches. 

With  a  mixture  of  six  parts  by  measure  of  hydrogen  with 
five  of  olefiant  gas,  the  light  of  the  flame  was  somewhat  more 
intense ;  and  the  quantity  of  gas  consumed  by  the  saaie 
burner,  so  adjusted  as  not  to  smoke,  was  6000  cubical  inches. 

It  appears  from  the  above  data,  that  to  produce  die  light 
of  10  wax  candles  for  one  hour,  there  will  be  required,  -^ 
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2600  cubical  Inches  of  defiant  gas. 
4875      ...     oil  gas. 
13120      -        -        -     coal  gas;       . 

and  that  the  quantity  of  oxygen  consumed 

by  the  olefiant  gas  will  be  =a    7800  cubic  mches; 
-   by  the  oil  gas     -         -      =  11578, 
by  the  coal  gas  -      =  21516. 

To  ascertain  the  relative  heating  powers  of  the  flames  of 
olefiant,  oil,  and  coal  gases,  I  employed  the  12-hole  Argand 
burners  mentioned  above,  and  placed  over  each,  as  near  to 
the  lamp  glass  as  was  consistent  with  a  clear  flame,  a  clean 
copper  boiler,  2.5  inches  deep  and  five  inches  in  diameter, 
slightly  concave  at  bottom,  capable  of  holding  rather  more 
than  a  quart  of  water,  with  an  immersed  thermometer,  and  a 
small  vent  for  steam.  It  contained  two  pounds  of  distilled 
water,  which  was  raised  to  the  boiling  point  in  similar  timeSf 
namely,  20^  by  each  of  the  flames ;  so  that  it  would  appear, 
that  to  raise  a  quart  of  water  from  50°  to  212°,  at  30  inches 
barometrical  pressure,  requires 

870  cubical  inches  of  olefiant  gas. 
1300      -        -         -      oil  gas. 
2190      -        - '       -      coal  gas. 

From  this  experiment  it  may  be  inferred,  that  tlie  air  of  a 
room  equally  lighted  by  4)il  and  coal  gas,  will  be  much  less 
heated  by  the  former  than  the  latter ;  but  that  the  actual 
heating  power  of  the  flames  is  in  the  direct  ratio  of  the  quan- 
tity of  olefiant  gas. 


Experiments  on  the  Condensation  of  several  Gases  into  Liquids, 
By  Mr.  P^iUDjy.— [1822.] 

Mr.  Faraday's  experitnents  were  made  on  sulphurous 
acid,  sulphuretted  hydrogen,  carbonic  acid,  euchlorine,  ni- 
trous oxide,  cyanogen,  ammonia,  muriatic  acid,  and  chlorine. 

SulpJmrous  ^€^. --*  Mercury  and  concentrated  sulphuric 
acid  were  sealed  4ip  in  a  bent  tube,  and,  being  brought  to  one 
aid,  heat  was  carefully  applied,  whilst  the  other  end  was  pre- 
served cool  by  wet  bS}ulou8  paper.  Sulphurous  acid  gas  was 
produced  where  the  heat  acted,  and  was  condensed  by  the 
sulphuric  acid  above ;  but  when  the  latter  had  become  satiiH 
rated,  the  sulphurous  acid  passed  to  the  cold  end  of  the  tube, 
and  was  condensed  into  a  liquid.  When  the  whole  tube  was 
cold,  if  the  sulphurous  acid  was  returned  on  to  the  mixture 
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of  sulphuric  acid  and  sulphate  of  mercury,  a  portion  was  re- 
absorbed, but  the  rest  remained  on  it  without  mixing. 

Liquid  sulphurous  acid  is  very  iimpid  and  colourless,  and 
highly  fluid.    Its  refractive  power,  o^tamed  by  comparing  it 
in  water  and  other  media,  with  water  contained  in  a  similar 
tube,  appeared  to  be  nearly  equal  to  that  of  water.     It  does 
not  solidify  or  become  adnesive  at  a  temperature  of  QP  F, 
When  a  tube  containing  it  was  opened,  the  contents  did  not 
rush  out  as  witli  explosion,^but  a  portion  oF  the  liquid  eva- 
porated rapidly,  cooling  another  portion  so  much  as  to  leave 
It  in  the  fluid  state  at  common  barometric  pressure.     It  was, 
however,  nu>idly  dissipated,  not  producing  visible  fiimes,  but 
fM'oducing  the  odour  of  pure  sulphurous  acid,  and  leaving  the 
tube  quite  dry.    A  portion  of  die  vapour  of  the  fluid  received 
over  a  mercurial  bath,  and  examined,  proved  to  be  sulphurous 
acid  ga&     A  piece  of  ice  dropped  into  the  fluid  instantly 
made  it  boil,  firpm  the  heat  communicated  by  it. 

To  prove  in  an  unexceptionable  manner  that  the  fluid  was 
pure  sulphurous  acid,  some  sulphurous  acid  gas  was  carefully 
prepared  over  mercury,  and  a  long  tube  perfectly  dry,  and 
closed  at  one  end,  being  exhauste4,  was  filled  with  it :  more 
sulphurous  add  was  then  thrown  in  by  a  condensing  syringe, 
till  there  were  three  or  four  atmospheres ;  the  tube  remained 
perfectly  clear  and  dry,  but  on  cooUng  one  end  to  0^  the  fluid 
sulphurous  acid  condensed,  and  in  all  its  characters  was  like 
^at  prepared  by  the  former  process. 

Sulphurous  acid  vapour  .exerts  a  pressure  of  about  two 
atmospheres  at  45°  F.    Its  specific  gravity  was  nearly  IA2. 

Sulphuretted  Hydrogen,  —  A  tube  being  bent,  and  sealed 
at  the  shorter  end,  strong  muriatic  acid  was  poured  in 
through  a  small  fimnel,  so  as  nearly  to  fill  the  short  leg  with- 
out soiling  the  long  one.  A  piece  of  platinum  foil  was  then 
crumpled  up  and  pushed  in,  and  upon  that  were  put  frag- 
ments of  sulphuret  of  iron,  until  the  tube  was  nearly  fiaL 
In  this  way  action  was  prevented  until  the  tube  was  sealed. 
If  it  once  commences,  it  is  almost  impossible  to  close  the 
tube  in  a  manner  sufficiently  strong,  because  of  the  pressing 
out  of  the  gas*  When  closed,  the  muriatic  acid  was  made  to 
run  on  to  die  sulphuret  of  iron,  and  then  left  for  a  day  or 
two.  At  the  end  of  tliat  time,  much  protomuriate  of  iron 
had  formed,  and  on  placing  the  clean  end  of  the  tube  in  a 
mixture  of  ice  and  salt,  warming  the  other  end,  if  necessary, 
by  a  little  water,  sulphuretted  hydrogen  in  the  liquid  state 
distilled  over. 

The  liquid  sulphuretted  hydrogen  was  colourless,  limpid, 
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and  excessively  fluid.  It  did  not  mhi.  with  the  rest  of  the 
fluid  in  the  tube,  which  was  no  doubt  saturated,  bift  remained 
standing  on  it.  When  a  tube  containing  it  was  opened,  the 
liquid  immediately  rushed  into  vapour ;  and  this  being  done 
under  water,  and  the  vapour  collected  and  examined,  it 
proved  to  be  sulphuretted  hydrogen  gas.  As  the  tem- 
perature of- a  tube  containing  some  of  it  rose  from  QP 
to  45°,  part  of  the  fluid  rose  in  vapour,  and  its  bulk  dimi- 
nished ;  but  there  was  no  other  change :  it  did  not  seem 
more  adhesive  at  0*^  than  at  45°.  Its  refractive  power  a^ 
peared  to  be  rather  greater  than  that  of  water :  it  decidedly 
ifturpassed  that  of  sulphurous  acid.  The  pressure  of  its 
vapour  was  nearly  equal  to  17  atmospheres  at  the  temper- 
ature of  50**. 

The  specific  gravity  of  sulphuretted  hydrogen  appeared  to 
be  0.9. 

Carbonic  Acid.  —  The  materials  used  in  the  production  of 
carbonic  acid,  were  carbonate  of  ammonia  and  concentrated 
sulphuric  acid ;  the  manipulation  was  like  that  described  for 
sulphuretted  hydrogen.  Much  stronger  tubes  are,  however^ 
required  for  carbonic  acid  than  for  any  of  the  former  sub- 
stances, and  there  is  non^  which  Kas  produced  so  many  or 
more  powerful  explosions.  Tubes  which  have  held  fluid  car^ 
bonic  acid  well  for  two  or  three  weeks  together,  have,  upon 
some  increase  in  the  warmth  of  the  weather,  spontaneously 
exploded  with  great  violence ;  and  the  precautions  of  glass 
masks,  goggles,  &c.  which  are  at  all  times  necessary  in  pur- 
suing these  experiments,  are  particularly  so  with  carbonic 
acid. 

Carbonic  acid  is  a  limpid  colourless  body,  extremely  fluid, 
and  floating  upon  the  other  contents  of  the  tube*  It  distils 
readily  and  rapidly  at  the  difference  of  temperature  between 
32**  and  0®.  Its  refractive  power  is  much  less  than  that  o. 
water.  No  diminution  of  temperature  to  which  I  have  been 
able  to  submit  it,  has  altered  its  appearance.  In  endeavour- 
ing to  open  the  tubes  at  one  end,  they  hdve  uniformly  burst 
into  fragments,  with  powerful  explosions. 

Its  vapour  exetted  a  pressure  of  S6  atmospheres,  at  a  tem- 
perature of  32°. 

Euchlorine.  —  Fluid  euchlorine  was  obtained  by  inclosing 
chlorate  of  potash  and  sulphuric  add  in  a.  ttibe,  and  leaving 
them  to  act  on  each  other  for  24  hours.  In  that  time  there 
had  been  much  action,  the  mixture  was  of  a  dark  reddish- 
brown,  and  the  atmosphere  of  a  bright  yellow  colour*  The 
mixture  was  then  heated  up  to  1(X)°»  and  the  unoccupied 
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end  of  the  tube  cooled  to  0° ;  by  de^;ees  the  mixture  lo6t-its 
dark  colour,  and  a  very  fluid  ethereal  looking  substance  C0i>- 
densed*  It  was  not  miscible  with  a  small  portion  of  the 
sulphuric  acid  which  lay  beneath  it ;  but  when  returned  on  to 
the  mass  of  salt  and  acid,  it  was  gradually  absorbed,  render- 
ing the  mixture  of  a  much  deeper  colour  even  than  it8el£  ~ 

Euchlorine  thus  obtained  is  a  very  fluid  transparent  sub- 
stance, of  a  deep  yellow  colour.  A  tube  containing  a  portion 
of  it  in  the  clean  end,  was  opened  at  the  opposite  extremity; 
there  was  a  rush  of  euchlorine  vapour,  but  the  salt  plugged 
up  the  aperture :  whilst  clearing  this  away,  the  whole  tube 
burst  with  a  violent  explosion,  except  the  small  end  in  a 
doth  in  my  hand,  where  the  euchlorine  previously  lay^  but 
the  fluid  had  all  disappeared. 

NUrmu  Oxide.  —  Some  nitrate  of  ammonia,  previously 
made  as  dry  as  could  be  by  partial  decomposition,  by  heat  in 
the  air,  was  sealed  up  in  a  bent  tube,  and  then  heated  in 
one  end,  the  other  being  preserved  cooL  By  repeating  the 
distillalion  once  or  twice  in  this  way,  it  was  found,  on 
afler- examination,  that  very  little  of  the  salt  remained  unde- 
composed.  The  process  requires  care.  I  have  had  many 
explosions  occur  with  very  strong  tubes,  and  at  c<msiderable 


When  the  tube  is  cooled,  it  is  found  to  contain  two  fluids, 
and  a  very  compressed  atmosphere.  The  heavier  fiuid»  00 
examination,  inroved  to  be  water,  with  a  little  acid  and  nitrous 
oxide  in  solution ;  the  other  was  nitrous  oxide.  It  i^pears 
in  a  very  liquid,  limpid,  colourless  state ;  and  so  volatile,  that 
the  warmth  of  the  hand  generally  makes  it  disappear  in 
vapour.  The  application  of  ice  and  salt  condenses  abundance 
of  it  into  the  liquid,  state  i^ain.  It  boik  readily  by  the  d^- 
ference  of  temperature  between  5QP  and  0^.  It  does  not 
appear  to  have  any  tendency  to  sdidify  at  —  10^.  Its  re* 
firactive  power  is  veir  much  less  than  that  of  water,  and  leas 
than  any  fluid  that  has  yet  been  obtained  in  these  expeii* 
jaenfts,  or  than  any  known  fluid.  A  tube  being  opened  in  the 
air,  the  nitrous  oxide  immediately  bursts  into  vapour. 
•  The  pre9sure  of  its  vapour  is  equal  to  above  50  atmo- 
spheres at  45°. 

Cyanogen^  •—  Some  pure  cyanuret  of  mercury  was  heated 
until  perfectly  dry*  A  portion  was  then  endosed  in  a  greea 
glass  tube,  in  the  same  manner  as  in  the  former  instanoei^ 
and  being  collected  to  one  end,  was  decomposed  by  heat, 
whilst  the  other  end  was  cooled.  The  cyanogen  soon  ap- 
peared as  a  liquid :  it  was  Iknpid,  colourless,  and  very  fluia; 
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not  altering  its  state  at  the  temperature  of  0°.  Its  re- 
fractive power  is  rather  less,  perhaps,  than  that  of  water.  A 
tube  containing  it  being  opened  in  tlie  air,  the  expansion 
within  did  not  appear  to  be  very  great ;  and  the  liquid  passed 
witli  comparative  slowness  into  the  state  of  vapour,  producing 
great  cold/  The  vapour,  being  collected  over  mercury, 
proved  to  be  pure  cyanogen. 

-  A  tube  was  sealed  up  with  cyanuret  of  mercury  at  one  end, 
and  a  drop  of  water  at  the  other ;  the  fluid  cyanogen  was 
then  produced  in  contact  with  the  water.  It  did  not  mix,  at 
l«ast  in  any  considerable  quantity,  with  that  fluid,  but  floated 
on  it,  being  lighter,  though  apparently  not  so  much  so  as 
ether  would  be.  In  the  course  of  some  days,  action  -had 
taken  place,  the  water  had  become  black,  and  changes,  pro- 
bably such  a»  are  known  to  take  place  in  an  aqueous  solu- 
tion of  cyanogen,  occurred.  The  pressure  of  the  vapour  of 
cyanogen  appeared  to  be  2.6  or  3.7  atmospheres  at  45**  Falir. 
Its  specific  gravity  was  nearly  0.9. 

Ammonia. — When  dry  chloride  of  silver  is  put  into  ammo- 
niacal  ^as,  as  dry  as  it  can  be  made,  it  absorbs  a  large  quan- 
tity of  It ;  100  grains  condensing  above  130  cubical  inches  of 
the  gas :  but  the  compound  thus  formed  is  decomposed  by 
a  temperature  of  100°  Fahr.  or  upwards.  A  portion  of 
this  compound  was  sealed  up  in  a  bent  tube,  and  heated  in 
one  leg,  whilst  the  other  was  cooled  by  ice  or  water.  The 
compound  thus  heated  under  pressure,  fused  at  a  compara* 
tivelj  low  temperatiH-e,  and  boiled  up,  giving  off  ammoniacal 
gas,  which  condensed  at  the  opposite  end  into  a  liquid. 

Liquid  ammonia  thus  obtained  was  colourless,  transparent, 
and  very  fluid.  Its  refractive  power  surpassed  that  of  any 
other  of  the  fluids  described,  and  that  also  of  water  itself. 
When  the  chloride  of  sDver  is  allowed  to  cool,  the  ammonia 
immediately  returns  to  it,  combming  with  it,  and  producing 
the  original  compound.  During  this  action  a  curious  com- 
bination of  effects  takes  place :  as  the  chloride  absorbs  the 
ammonia,  heat  is  produced,  the  temperature  rising  up  nearly 
to  100° ;  whilst  a  few  inches  off,  at  the  opposite  end  of  the 
tube,  considerable  cold  is  produced  by  the  evaporation  of  the 
fluid.  When  the  whole  is  retained  at  the  temperature  of 
60°,  the  ammonia  boils  till  it  is  dissipated  and  re-combined. 
The  pressure  of  the  vapom*  of  ammonia  is  equal  to  about  6.5 
atmospheres  at  50°.    Its  specific  gravity. was  0.76. 

Mufidtic  Acid.  —  When  made  from  pure  muriate  of  am- 
monia and  sulphuric  acid,  liquid  muriatic  acid  is  obtained 
colourless,  as  Sir  Humphry  Davy  had  anticipated.    Its  re« 
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fhictive  power  is  greater  than  that  of  nitrous  oxide,  but  lew 
than  that  of  water ;  it  is  nearly  equal  to  that  of  carbonic  acti 
The  pressure  of  its  vapour  at  the  temperature  of  50®  is  equd 
to  Bbout  4fO  atmospheres. 

Chlorine. — The  refractive  power  of  fluid  chlorine  is  rather 
less  than  that  of  water.  The  pressure  of  its  water  at  6(P  is 
nearly  equal  to  four  atmospheres. 

Mr.  Faraday  made  many  similar  experiments  on  odier 
gases,  though  he  could  not  succeed  in  condensing  any  others 
than  those  mentioned. 


OhservaHons  on   the    MigrcOion  of  Birds.      By  Edwabu 
JsNNERi  M.D.    Communicated  hy  the  Rev.  G.  C.  Jenneb. 

It  is  not  my  intention,  in  the  following  pages,  to  give  a 
general  history  of  the  migration  of  birds.  The  order  in 
which  they  appear  and  disappear,  their  respective  habits,  bbA 
many  other  observations,  have  been  given  with  considerable 
accuracy  by  several  naturalists,  who  have  paid  attention  to 
this  very  curious  subject.  It  is  with  a  view  of  representing 
some  facts,  hitherto  unnoticed,  chiefly  with  respect  to  the 
omLse^  which  excites  the  bird,  at  certain  seasons  of  the  year, 
to  quit  one  country  for  another,  that  I  communicate  the  fol- 
lowmg  pages  to  this  learned  body. 

But  before  I  proceed  to  state  my  observations  on  this  head, 
it  may  be  necessary  to  adduce  some  arguments,  first,  in  sup- 
port of  the  reality  of  migration,  the  fact  itself  not  being 
generally  admitted;  and,  secondly,  against  the  hypothesis 
of  a  state  of  torpor,  or  what  has  been  called  the  hibernating 
system.  * 

In  the  first  place,  the  ability  of  birds  to  take  immensely 
long  flights  is  proved  by  the  observations  of  almost  every 
person  conversant  with  the  seas.  To  the  many  instances 
already  recorded,  I  shall  add  the  following :  — 

My  late  nephew,  Lieutenant  Jenner,  on  his  passage  to 
Newfoundland,  saw,  on  the  20th  of  May,  the.  hobby  hawk. 
It  came  on  board,  and  was  secured.  The  day  following  a 
swallow  came  on  board.  At  this  time  the  ship  was  steering 
a  course  direct  fdr  that  island,  and  was  not  within  the  dis- 
tance of  a  hundred  leagues  of  any  land.  His  brother,  the 
Rev.  G.  C.  Jenner,  in  crossing  the  Atlantic,  observed  an  owl 
(of  what  species  hfe  could  not  precisely  ascertain,  but  he 
believes  it  to  be  the  common  brown  owl,)  gliding  over  the 
ocean  with  as  much  apparent  ease  as  if  it  had  been  seeking 
for  a  mouse  among  its  native  fields.    Wild  geese  have  fre- 
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qnently  been  shot  in  Newfoundlandy  whose  crops  were  plen- 
tifully stored  with  maize,  or  Indian  com ;  consequently^  theae 
birds  must  have  taken  a  Pfetty  bold  flight  in  a  short  space  of 
time,  as  no  corn  of  this  kind  is  cultivated  within  a  vast  dis- 
tance of  that  island.  These,  however,  I  do  not  consider  as 
migrations  of  an^  farther  consequence,  than  just  to  show  the 
powers  of  the  wing. 

"  My  ingenious  friend  and  neighbour,  the  late  Rev.  Nath. 
Thombury,  who  had  occasionally  visited  Holland,  informed 
me,  that  the  pigeons  about  the  Hague  make  a  daily'  maraud- 
mg  excursion,  at  certain  seasons,  to  the  opposite  shore  of 
Norfolk,  to  feed  on  vetches,  a  distance  of  forty  leagues. 
Now,  may  not  this  be  almost  considered  as  daring  a  flight  as 
that  of  the  bird  which  crosses  the  Atlantic  ?  For  it  is  not  at 
all  probable  that  the  shores  of  this  country  can  be  visible  to 
tho  flock  when  they  set  out. 

-  Again.  Is  there  not  something  as  extraordinary  in  the 
p^eon,  which  .can,  in  a  few  hours,  find  out  its  home,  though 
taken  away  in  a  box  and  totalljr  excluded  from  the  light,  to 
the  distance  of  200  miles,  as  in  that  bird  which  quits  one 
shore  to  seek  another,  whatever  may  be  the  extent  of  inter- 
vening seas  ?  The  fact  seems  to  be,  diat  we,  the  little  lords  of 
the  creoHon,  are  too  prone  to  measure  the  sentient  principle 
in  animals .  by  the  scale  of  our  own  ideas,  and  thus,  unwil- 
lingly, allow  them  to  po!»es8  faculties  which  may  surpass  our 
own,  though  peculiarly  appropriate  to  their  respective  na- 
tures ;  but  a  little  reflection  must  compel  us  to  confess,  that 
they  are  endowed  with  discriminating  powers  totally  unknown 
to,  and  for  ever  unattainable  by  man.  I  have  no  objection 
to  admit  the  possibility  that  birds  may  be  overtaken  by  the 
cold  of  winter,  and  thus  be  thrown  into  the  situation  of  other 
aniqials  which  remain  torpid  at  .that  season  ;  though  I  must 
own  I  never  witnessed  the  fact,  nor  could  I  ever  obtain 
evidence  on  the  subject  that  was  to  me  satisfactory :  but  as 
it  has  been  often  asserted,  may  I  be  allowed  to  suppose,  that 
some  deception  might  have  been  practised  with  the  design 
of  misleading  those  to  whom  it  might  seem  to  have  appeared 
obvious  ?  For  far  be  it  from  me  to  insinmte  that  the  subject 
has  been  wilfully  misrepresented  by  those  naturalists  who 
have  stated  it  as  a  fact  Yet  how  careful  should  we  be  in  the  * 
investigation  of  all  subjects  in  natural  history,,  which  may 
captivate,  by  their  apparent  novelty !  . 

If  birds  crept  mto  holes  and  crevices  to  hibernate,  would 
they  not,  like  quadrupeds,  creep  out  again  in  a  languid  state, 

their. fat  all  absorbed,  and  their  bodies  emaciated?  We  see 
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this  fact  exemplified  in  the  hedge-hog,  one  of  the  inost  re- 
markable of  our  hibernating  animals,  which  retires  to  its  hat 
at  the  approach  of  winter,  with  vast  stores  of  fat  placed  ia 
erery  situation  where  nature  could  find  room  for  it.  This  fit 
IS  its  only  source  of  nutrition  for  the  winter,  which^  hj 
the  time  the  sun  rouses  it  to  fi-esh  life  and  activity,  is  ex- 
hausted, and  the  animal  comes  forth  thin  and  emaciated. 
But  the  case  with  birds  is  extremely  different.  If,  on  the 
first  day  of  its  appearance,  a  martin,  a  swift,  or  a  redstart  be 
examined,  it  will  be  found  as  plump  and  fleshy  as  at  any  season 
during  its  stay ;  it  appears  also  as  strong  on  the  win^,  and  as 
fhll  of  activity  at  that  period  as  at  any  other  during  its  abode 
with  us.  •  How  the  cuckoo,  that  disappears  at  so  early  and  so 
hot  a  season  as  the  first  week  in  July,  can  become  torpid,  is 
beyond  the  power  of  conception. 

The  apparent  incapability  of  the  landrail  to  perform  the 
task  of  migration  has  oflen  been  so  strongly  adduced  as  a 
presumptive  argument  in  favour  of  the  hibernating  system, 
that  those  who  do  not  admit  that  of  migration,  were  it  to 
remain  unnoticed,  might  urge  it  as  an  objection.     It  must  be 
admitted,  that  a  supeAcial  examination  of  the  liabits  of  this 
bird  tends  to  favour  the  supposition  of  its  incapacity  for  so 
great  an  exploit,  as  it  often  rises  from  the  ground  like  a 
half  animated  lump,  and  seems,  with  difficulty,  to  takie  a  flight 
of  a  hundred  yards  ;  but  let  us  remark  its  powers  when  seri- 
ously alarmed.     Should  it  be  forced  upon  the  wing  by  any 
extraordinary  cause,  by  the  pursuit  of  a  hawk,  for  example, 
the  velocity  of  its  fiiight,  and  the  rapidity  of  its  evolutions  to 
avoid  the  common  enemy  of  its  race,  will  at  once  appear. 
This  is  no  very  rare  exhibition.    Necessity  here,  as  in  migra- 
tion, becomes  the  parent  of  exertion,  which^  when  thus  caSed 
forth,  cannot  be  shown  in  a  much  greater  degree  by  any  of 
the  feathered  tribe,  -s  The  moor-hen  (which  wmters  with  us) 
gives  another  instance  of  what  a  bird,  which  appears  so  much 
to  want  activity  in  its  ordinary  flights,  is  capable  of  perfomi?» 
ing  when  exertion  is  actually  required.    When  pursued  by  a 
hawk,  and  self-preservation  calls  up  all  its  powers,  it  may  be 
seen  to  rush  up  into  the  air  with  amazing  velocity,  almost  as 
high  as  the  eye  can  reach,  then  darting  down  with  an  equal 
pace,  it  often,  by  such  rapid  manoeuvres,  escapes  the  destruc- 
tive talons  of  its  swift  pursuer. 

It  is  a  remarkable  fact  that  the  swallow  tribe,  and  proba- 
bly many  other  birds  which  absent  themselves  at  stated  p^ 
riods,  should  return  annually  to  the  same  spot  to  build  their 
nests.     The  swift,  which  for  nine  months  has  some  distant 
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region  to  roani  in,  was  selected  for  the  purpose  of  an  experi* 
ment  to  assertain  this  with  precision.  At  a  farm-house  in 
this  neighbourhood,  I  procured  several  swifls,  and  by  taking 
off  two  claws  from  the  foot  of  twelve,  I  fixed  upon  them  an 
indelible  mark.  The  year  following  their  nesting  places 
were  examined  in  an  evening  when  they  had  retired  to  roost^ 
and  there  I  found  several  of  the  marked  birds.  The  second 
and  third  year  a  similar  search  was  made,  and  did  not  fail  to 
produce  some  of  those  which  were  marked.  I  now  ceased 
to  make  an  annual  search ;  but  at  the  expiration  of  seven 
years,  a  cat  was  seen  to  bring  a  bird  into  the  farmer's  kitcheui 
and  this  also  proved  to  be  one  of  tliose  marked  for  the  expe- 
riment. 

That  the,  bird,  when  the  stimulus  for  migration  is  given, 
with  the  choice  before  it  of  almost  any  part  of  Europe  for  its 
annual  excursion,  should  so  uniformly  not  only  revisit  this 
island,  but  even  select  the  same  spot  for  its  breeding  place, 
is  certainly  a  wonderful  occurrence.  But  if  birds  were  not 
instinctively  directed  to  return  to  their  old  haunts,  should 
we  not  find  them  over  crowding  some  situations,  while  others 
would  be  left  desolate  ?  And  would  not  this  be  the  caise  if  the 
search  of  food  was  the  object  of*  their  migration?  However 
it  may  be  admissible,  in  one  point  of  view,  to  consider  the 
bird  in  its  state  of  migration  from  tliis  country,  as  a  nearer 
neighbour  than  at  first  might  be  conceived,  if  we  may  be 
allowed  to  consider  distance  or  space,  in  the  instance  before 
UBf  as  governed  by  the  power  of  progressive  motion,  of  what 
oonsequence  is  it  to  the  swift,  which,  to  use  the  animated 
expression  of  Mr,  White,  "  dashes  through  the  air  with  the 
inconceivable  swiftness  of  a  meteor,"  whether  he  comes  to  us 
from  some  neighbouring  country,  or  the  shores  of  Africa? 
The  wonder  excited  by  the  return  of  these  birds  again  to 
their  old.  nesting  places  would  at  once  cease,  if  we  could  be? 
lieve  what  has  been  asserted  by  some  naturalists,  and  gained 
credit  with  many,  namely,  that  at  the  time  they  disappear 
from  us,  they  submerse  themselves  in  ponds  and  rivers,  and 
in  this  situation  become  torpid.  If  this  idea  had  not  been  en- 
couraged and  supported  by  some  new  hypothesis,  I  should 
hardly  have  thought  it  necessary  to  have  taken  any  serious 
notice  of  it ;  but  as  the  matter  now  stands,  I  will  just  state 
my  opinion,  why  I  think  it  impossible  for  any  birds  to  be  dis- 
posed of  in  this  way. 

Permit  me  first  to  call  to  your  recollection  the  season  of 
the  ye^  at  which  many  of  these  birds  disappear.  It  happens 
when  they  feel  no  cold  blast  to  benumb  them,  and  when  the 
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oommon  food  with  which  they  are  supported  is  distriboted 
through  the  air  in  the  greatest  abundance.  At  such  a  time, 
what  can  be  the  inducement  to  them  and  their  young  ones, 
which  hare  but  just  begun  to  enjoy  the  motion  of  their  wings, 
and  play  among  the  sun-beams,  to  take  this  dreary  plunge? 
And  how  is  the  office  of  respiration  to  be  performed  during 
the  nine  months'  watery  residence  ?  The  structure  of  the 
lungs  of  birds  differs  not  essentially  from  that  of  quadrupeds, 
and  therefore  all  communication  with  the  atmosphere  being 
cut  off  from  the  first  moment  of  submersion,  the  possibilitj 
of  a  bird  living  nine  months,  or  indeed  as  many  minutes, 
under  water,  appears  to  be  totaIl)^  irreconcilable  with  the 
nature  of  their  structure.  I  have  taken  a  swift  about  the 
10th  of  August,  which  may  be  considered  as  the  eve  of  its 
departure,  and  plunged  it  mto  water ;  but  like  the  generality 
of  animals  whicn  respire  atmospheric  air,  it  was  dead  in  two 
minutes. 

At  the  coming  on  of  spring  we  observe  our  more  domestic 
birds,  those  that  approach  our  houses,  and  are  most  femiliar 
to  us,  assuming  new  habits.  The  voice,  gesticulation,  and 
the  attachment  which  the  male  begins  to  show  to  the  female, 
plainly  indicate  some  new  agency  acting  upon  the  constitu- 
tion. This  newly  excited  influence,  which  so  conspicuously 
alters  the  habits  of  our  birds  at  home,  is,  at  the  same  time, 
exerting  itself  abroad  upon  those  which  ape  destined  to  re- 
sort hither.  It  is  the  preparation  which  nature  is  making 
for  the  production  of  an  offspring  by  a  new  arrangement  in 
the  structure  of  their  organs. 

No  sooner  is  the  impulse  arising  from  this  change  su£B- 
ciently  felt,  than  the  birds  are  directed  to  seek  a  countir 
where  they  can  for  a  while  be  better  accommodated  with 
succours  for  their  infant  brood  than  in  that  from  which  they 
depart. 

The  business  of  nesting  then  begins ;  and  as  a  convincing 
proof  that  nesting  is  the  chief  cause  of  their  errand  here, 
this,  and  its  natural  consequences,  occupv  their  attention 
from  the  time  of  their  coming  to  the  day  of  their  departure. 
This  is  illustrated  by  the  despatch  which  some  of  them  make 
in  performing  the  object  of  their  mission.  The  cuckoo 
finishes  this  business  in  a  shorter  space  of  time  than  any 
other  bird ;  but  as  he  deviates  so  widely  from  the  common 
laws  of  the  feathered  society,  I  shall  select  the  swift,  as  a 
better  example  for  pointing  out  the  fact.  The  swift  shows 
himself  here  about  the  beginning  of  May  (sometimes  a  few 
stragglers  appear  earlier),  and  by  the  beginn^ig  of  August 
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he  had  completely  reared  his  young  ones,  which  seldom  con- 
sist of  more  than  two.  At  once  the  old  birds  and  their  family 
take  their  leave,  and  are  seen  no  more  for  that  season.  Now 
his  farther  residence  cannot  be  rendered  unpleasant  by  any 
disagreeable  change  in  the  temperature  of  the  air,  or  from  a 
scarcity  of  his  common  food,  which  at  this  time  abounds  in 
the  greatest  plenty. 

Now,  should  the  principle  I  have  laid  down  be  admitted^ 
namely,  that  these  birds  come  here  for  scarcely  any  other 
purpose  than  to  produce  an  ofispring,  and  retreat  when  the 
task  is  finished,  how  easily  will  all  circumstances  be  recon- 
ciled? and  how  little  mysterious  will  those  things  appear 
which  naturally  seemed  unaccountable  to  those  who  have 
Ttritten  before  on*  the  same  subject. 

The  spring  migrating  birds  do  not  arrive  here  at  first  in 
very  large  numbers.  It  may  be  observed,  that  in  the  early 
part  of  April  a  few  swallows  may  be  seen  ;  soon  after  these 
a  few  solitary  martins,  and  as  the  month  advances  now  and 
then  a  swift.  On  the  walls  of  Berkeley  Castle,  martins  build 
dieir 'nests  in  great  numbers.  I  availed  myself  of  their  situ- 
ation, and  took  several  of  them  on  the  same  night,  the  latter 
end  of  May.  On  dissection,  the  cause  of  their  gradual  and 
successive  migrations  appeared  obvious,  the  ovaria  being  in 
very  different  states  of  progressive  forwardness.  While  ooe 
bird  presented  embryo  eggs  in  the  ovarium  as  large  as  peas, 
in  another  they  were  found  no  larger  than  hemp-seed. 
These  were  the  extremes ;  for  in  the  other  birds  there  ap« 
peared  all  the  intermediate  stages,  from  the  enlargement  of 
the  ovaria,  sufficient  to  eive  the  stimulus  for  migration,  to  the 
degree  of  forwardness  just  described.  The  same  gradations 
in  the  state  of  the  male  corresponded  with  that  of  the  ovaria 
in  the  females.  This  progressive  arrival  is  not  confined  to 
the  swallow  tribe :  all  the  bu'ds  that  come  early  in  the  spring 
appear  in  the  same  ^adual  manner.  I  cannot  help  observ- 
ing, that  here  the  wise  design  of  Providence  is  very  conspi- 
cuous. Their  appearance  keeps  pace  with  that  of  the  insects 
which  are  to  afford  them  food.  If  the  numbers  which  fiock 
in  upon  us  in  May  were  to  arrive  in  April,  when  only  part  of 
them  appear,  all  must  be  insufficiently  supplied,  and  many  of 
course  perish  from  a  want  of  the  needful  succours ;  but  by 
the  middle  of  May,  myriads  of  insects  have  produced  eggs, 
and  great  numbers  have  either  brought  forUi,  or  matured 
their  progeny ;  and  it  may  be  remarked,  there  is  ^till  a 
greater  increase  of  insect  fbod  by  the  time  the  ^oung  birds 
begin  to  require  it.    Swallows,  on  their  first  coining,  feed 
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prindpallj  upon.gaats*    These  insecti  ace  called  fbrtih  ftom. 

their  wintry  retreats  when  the  air  is  but  moderately  healed, 
48  degrees  of  Fahrenheit's  thermometer  beii^  aoffieient  to 
put  them  on  the  wing.  It  is  in  pursuit  of  them  that  we  aee^ 
m  cool  weather*  the  swallow  incessantly  skimming  oTer  die 
surface  of  ponds  and  )>rooks ;  and  theu*  thus  early  hoversig 
over  water  has  strengthened  the  idea  of  their  having  latelj 
(emerged  from  their  watery  abode,  where  they  are  sappoaed 
to  have  lain  dormant  during  the  winter.  But  Uiey  are  driveB 
by  necessity  to  feed  on  the  gnat.  Like  the  swift  aod  martra^ 
their  more  &vourite  food  is  a  small  beetle  of  the  scarabseos 
kind,  which,  on  dissection,  I  have  found  in  far  grei^er  abuii* 
dance  in  their  stomachs  than  any  other  insects* 

The  state  of  the  female  and  male,  which  I  have  alluded  to^ 
sometimes  comes  on  prematurely,  and  in  the  same  manner 
sometimes  subsides.  When  this  happens,  swallows  and  martms 
desert  their  nestlings^  and  leave  them  to  perish  in  the  nesb 
Tlie  economy  of  the  animal  seems  to  be  regulated  by  some 
external  impulse,  which  leads  to  a  train  of  conaeqiieiiees;* 
When  this  change  takes  place,  the  bird  becomes  impelled  by 
a  stronger  i)rinclple,  that  is»  the  desire  of  self-preservadcxK 
This  sometimes  happens  when  they  produce  a  very  late 
hatch.  .^  A  psur  of  martina  hatched  four  broods  of  youngoaes 
in  the  house  of  a  tradesman  in  this  place,  in  the  year  1786b 
The  Utter  brood  was  hatched  in  the  early  part  of  October* 
About  the  middle  of  the  month  the  old  birds  went  off,  and 
leH  their  young  oneai,  about  half  fledged,  to  perish.  The 
pair  returned  to  the  nest,  the  17tb  of  May,  17B7»  and  threw 
the  skeletons  out. 

Thus  scarcely  a  winter  passes  but  we  ,hear  of  a  nest  of 
robins,  hedge-sparrows,  and  some  others  of  the  smaUer  birds; 
We  have  been  informed  by  Peimant,  and  it  has-been  noticed 
also  by  others,  that  the  cuckoo  has  been  heard  to  give  his 
song  so  early  as  the  middle  of  F^ruary,  two  months  sooner 
than  the  usual  time.  The  same  deviation  from  the  ordinary 
course  of  nature^  which  prematurely  occasions  the  pairing  oi 
our  domestic  birds  above  mentioned,  proves  the  stimulus,  I 
conceive,  to  certain  unseasonable  migrations,  and  accounts 
for  the  irregularity  first  noticed.  The  same  argument  is  of 
course  applicable  to  the  premature  appearance  of  any  other 
migrating  birds.  The  month  of  March  sometimes  affords 
us  warm  weather  for  several  successive  days.  At  this  time 
I  have  oflen  seen  the  snake  baskjng  under  .a  hedge.  The 
lizard,  too,  has  been  invited  from  his  cold  retreat ;  but  nev^ 
could  I  see  the  swallow  or  the  martin,  although  I  have  taken 
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every  opportunity  of  looking  for  them  during  the  transient 
sunsnine,  and  msule  diligent  enquiries  of  others.  At  the  fur- 
ther advancement  of  spring,  often  in  April,  when,  from  the 
long  prevalence  of  north-easterly  winds,  the  weather  becomes 
unseasonably  cold,' and  even  frosty,  swallows,  martins,  and 
other  early  migrators,  appear  among  us.  But  they  soon  ex- 
|>erience  the  hardships  of  an  inhospitable  reception:  tl>e 
maects  that  should  afford  them  food  being  still  in  a  state  of 
torpor  in  their  wintry  recesses,  and  miless  called  forth  by 
some  agreeable  change  in  the  air,  the  unfortunate  birds  perish 
for  want  of  food.  This  I  have  known  happen  during  an  in- 
clement spring,  and  have  picked  up  starved  martins  under 
their  nesting  places,  and  willow  wrens,  which  have  perished 
under  hedges,  through  a  want  of  succours. 

Unlike  3ie  migrating  birds  that  winter  with  us,  of  which  I 
shall  speak  in  a  subsequent  part  of  this  paper,  the  spring  or 
summer  birds  do  not  possess  the  disposition  to  change  the 
scene  and  seek  a  more  genial  clime,  when  this  country  is  so 
overspread  by  frost  as  to  deny  them  their  common  supplies. 
This,  I  imagine,  will  admit  of  an  easy  explanation.  The 
winter  birds  require  nothing  here  but  food  and  shelter.  Our 
summer  visitors  come  for  more  various  and  important  pur- 
poses. Had  they,  like  the  former  birds,  been  endowed  with 
a  disposition  to  wander  on  certain  changes  of  the  atmosphere, 
the  great  design  of  their  migration,  as  it  must  have  proved 
fatal  to  the  business  of  incubation  and  the  rearing  of  their 
young,  would  have  been  frustrated.  It  may  be  worthy  of 
remark,  that  both  the  summer  and  winter  migrating  birds 
are,  on  their  arrival  here,  well  received  by  the  domestic 
natives,  and  neither  create  quarrels  nor  excite  fears.  The 
redstart  builds  its  nest  in  the  same  tree  with  the  titmouse^ 
and  the  redwing  feeds  peaceably  in  the  same  meadow  with 
the  starling. 

I  proceed  now  to  make  some  observations  on  another  kind 
of  migration,  directly  opposite  to  the  foregoing,  namely,  the 
return  of  the  spring  migrators  to  their  respective  homes. 

The  great  disproportion  in  numbers  between  those  species 
of  birds  which  quit  tlie  comitry  in  summer,  and  those  that 
leave  it  at  the  autumnal  season,  has  led  naturalists  to  lose 
sight  of  the  early  migrators,  and  to  confine  their  reflections 
oh  tl>e  subject  to  the  late  ones  only.  Hence  the  common 
(A)0ervation,  that  they  are  all  driven  off  through  a  failure  of 
food,  or  a  cold  temperature  of  the  air.  But  seeing  that  many 
of  them  disappear  in  the  summer  season,  when  food  is  placed 
(lefore.them  in  the  greatest  plenty,  we  must  seek  for  some 
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Other  cause.  If  we  examine  what  is  now  going  forward  in 
the  animal  economy,  dissection  will  point  out  a  change  in  the 
organs  of  the  hird,  the  very  opposite  to  that  which  took  place 
in  the  spring.  These  parts  now  begin  to  shrink,  the  dispo- 
sition for  raising  a  farther  progeny  ceases,  and  the  nuptial 
knot  is  dissolved.  What  inducement  have  they  to  stay  longer 
in  that  country,  where,  I  think,  it  clearly  i^pears  their 
chief  object  is  to  multiply  their  species  ?  This  being  now 
effected,  they  retire  to  different  parts  of  the  globe,  doubtless 
better  suited  to  their  general  dispositions  and  wants,  when 
disengaged  from  parental  duties.  In  many  of  the  migrating 
species,  indeed  in  the  far  greater  number,  the  disposition  for 
farther  incubation,  and  the  season  for  their  procuring  a  fo- 
ther  supply  of  insect  food,  cease  at  the  same  time.  It  is  pretty 
evident  ^om  the  habits  of  the  cuckoo  and  the  swifl,  that  quit 
us  in  the  summier  as  soon  as  their  nesting  is  at  an  end,  that 
swallows,  martins,  and  those  birds  that  (Ssappear  in  the  au- 
tumn, would  depart  at  an  earlier  season,  even  though  their 
supplies  were  to  continue,  if  the  rearing  of  their  young  were 
perfected.  Indeed,  as  has  been  before  observed,  so  strong 
does  this  propensity  now  and  then  appear,  that  it  overcomes 
even  the  obligation  of  rearing  their  young  when  hatched  late 
in  the  season,  and  they  are  sometimes  left  in  a  callow  state 
to  perish  in  their  nests.  This  premature  departure  probably 
^ises  from  a  reverse  of  that  stimulus  which  occasions  the 
too  early  migration  of  the  spring  birds,  as  has  been  noticed 
in  a  former  part  of  this  essay,  n^imely,  a  change  which 
takes  place  in  their  organisation. 

.  One  of  the  most  singular  occurrences  in  the  history  of 
migration  is  the  mode  of  departure  of  the  young  birds  from 
the  country  where  they  were  produced.  It  may  be  conceived 
tliat  the  bird  which  had  once  crossed  the  Atlantic,  or  any 
other  ocean,  might  have  something  impressed  upon  it  that 
should  prove  an  inducement  to  its  return ;  but  this  cannot  be 
an  incitement  to  the  young  one.  The  identical  bird,  which 
but  a  few  weeks  before  burst  from  the  shell,  now  unerrb^j 
jgnds,  without  any  apparent  guide,  a  track  that  leads  it  safely 
to  the  pl^ce  of  its  destination,  perhaps,  in  many  instance^ 
over  the  widest  oceans. 

It  is  well  known,  that  those  birds  which  incubate  several 
times  in  the  course  of  one  summer  forsake  their  first  broods 
when  they  no  longer  re(juire  their  protection ;  and  being  now 
alienated,  they  cannot,  m  their  parents,  find  the  guides  that 
conduct  their  course.  As  swallows  and  martins  congregate 
pvior  to  their  departure  from  us,  it  may  be  said  that  their 
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young,   though    discarded,  may  mingle  with  the  common 

flock,  and  in  this  particular  instance  I  am  ready  to  admit  that 

it  is  probable  they  may  do  so  :  but  there  are  many  migrating 

birds  that  never  either  associate  with  swallows  and  martins, 

or  join  together  in  flocks,  as  the  nightingale^  redstart,  and 

indeed  the  fer  greater  number.  <  As  a  striking  proof  that  the 

parent  bird  cannot  possibly  be  the  guide,  in  one  instance  at 

least,  we  may  point  out  the  cuckoo,  whose  oiFspring  finds  a 

distant  shore  in  perfect  safety,  although  it  could  never  know 

the  parent  to  whom  it  was  indebted  for  existence,  and  though 

its  existence,  in  numberless  instances,  must  have  taken  plao^ 

even  after  the  departure  of  the  parent.     For  the  old  cuckoos 

invariably  leave  us  early  in  July,  when  many  of  their  eggs 

are  yet  unhatched  in  the  nests  of  those  small  birds  to  whose 

fostering  care  they  are  entrusted.     Compared  with  quadru-* 

peds,  and  some  other  animals,  birds  may  be  considered  as 

acquiring  the  adult  state  at  an  early  period,  and  the  young 

bird,  at  the  time  of  its  leaving  us,  may  be  looked  upon  as 

possessing  power  equal  to  the  old  one  m  procuring  food,  ve-. 

locity  of  flight,  &c.     The  parent  bird,  from  having  lost  that 

stimulus  by  the  subsiding  of  that  'state  of  its  organs,  which 

urged  it  to  incubation  and  detained  it  here,  is  now  reduced  to 

a  condition  similar  to  that  of  its  offspring,  both  falling  into 

the  same  habits,  and  remaining  in  the  same  state  with  respect 

to  organisation,  untjl  the  returning  calls  of  nature  urge  them 

to  quit  that  country  again^  to  which  they  are  now  about  to 

depart. 

The  winter  birds  of  passage,  as  they  are  commonly  called, 
begin  to  take  their  l^ave  of  us  about  the  same  time  that  the 
spring  migrators  are  taking  wing  to  pay  us  their  annual  visit. 
As  iSie  latter  appear  among  us  in  gradual  successioui  so  in 
like  manner  the  former  disappear.  They  are  both  actuated 
by  the  same  impulse,  the  former  in  leaving,  and  the  latter  in 
coming  to  this  country.  As  soon  as  the  stimulus  becomee 
sufliciently  felt,  they  quit  their  homes  in  quest  of  a  country 
better  suited  to  their  mtended  purpose  than  their  own. 
.  Tliat  a  want  of  food  cannot  be  the  inducement,  must  be 
obvious  to  the  slightest  observer.  When  the  redwing  and 
fieldfare  quit  this  country,  it  abounds  with  tliat  food  which 
they  prefer  to  any  other ;  and  at  this  time  they  are  in  the 
finest  condition ;  the  redwings  often  enjoying  their  plenty  by 
assemblmg  together  on  trees,  and  there  uniting  their  feebfe 
voices,  make  no  unpleasant  song»  ^ 

The  migration  oi  the  winter  birds  is  less  distinctly  marked 
^an  that  of  the  spring  migrators.     The  snipe,  the  wilckt 
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duck,  and  the  wood-pigeon,  breed  here  in  consider^le 
bers ;  the  two  latter,  indeed,  particularly  the  wood-pigeon,  are 
so  numerous  in  summer,  that  we  should  hardly  be  renunded  of  i 
the  migration,  did  they  not  pour  in  upon  us  in  such  imnwote 
flocks  in  the  winter.  They  are  accompanied  by  the  stock* 
dove,  which  I  have  never  known  to  breed  here.  Th^  home* 
bred  wild-ducks  are  easily  distinguished  by  the  men  win 
attend  decoy-pools,  by  the  meanness  of  their  plumage,  when 
compared  to  Uie  brightness  of  those  birds  which  come  from 
abroad.  .  The  former  are  taken  some  weeks  earlier  than  the 
latter. 

llie  most  conspicuous  among  the  winter  migrating  birdi 
are  the  redwings^  and  fieldfares.  These  are  regular  and  uni- 
form in  their  appearance  and  disappearance,  and  I  belieni 
never  risk  the  trial  of  incubation  here,  at  least  I  never  could 
hear  of  a  single  instance.  The  food  of  these  birds  has  in  the 
works  of  every  naturalist  I  have  ever  had  access  to,  who  had 
written  on  the  subject,  been  pointed  out  as  the  haw,  the  fhiift 
of  tlie  white  thorn. 

Tills  is  an  error  that  has  long  wanted  a  correction ;  for  in 
open  weather  they  take  them  'in  very  scanty  quantities,  and 
feed  on  the  ground  on  worms  and  such  insects  as  they  can 
find.  Although  repeated  examinations  of  the  contents  of  thq 
stomach  have  afforded  the  best  proof  of  this,  yet  there  ii 
scarcely  any  need  of  calling  in  its  aid  in  the  present  instance^ 
tts  we  may  be  convinced  of  the  fact,  by  seeing  them  in  flocks 
feeding  on  the  ground  in  open  fields  and  meadows.  I  do  not 
deny  their  taking  the  haw  and  other  vegetable  food  from  the 
hedges,  but  they  do  it  in  so  sparing  a  way,  that  I  have  re- 
marked, that  redwings  and  fieldfares  die  through  hunger 
during  the  long  continuance  of  frosty  weather,  while  the 
haws  on  the  hedges  were  by  no  means  deficient.  The  occa- 
sional departure  of  these  and  some  other  winter  birds  during 
a  long  continued  frost  must  be  very  obvious.  The  greater 
number  disappear  soon  afler  its  commencement,  if  it  sets  in 
very  severely  :  some  few  are  always  left  behind,  and  are  soon 
starved,  if  not  fortunately  relieved  by  a  thaw.  Those  tha;( 
are  driven  to  this  necessitous  migration  probably  pursue  a 
track  that  quickly  leads  them  out  of  the  reach  of  frost.  Of 
these  flights  I  shall  produce  instances,  which  render  it  probar 
We  tliat  they  are  able  even  to  outstrip  its  course. 
■  The  approach  of  intense  frost  is  often,  to  a  c^tainty,  made 
known  to  us,  by  the  appearance  of  a  numerous  tribe  of  water 
birds,  some  of  which  are  rare,  and  seldom  show  themselves 
here  on  any  other  occasion.     We  commonly  see  them  three 
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or  four  days  prior  to  the  setting  in  of  very  severe  frosty  wea- 
ther. This  was  manifest  at  the  latter  end  of  the  year  1794, 
at  the  coming  on  of  the  severe  season  that  ensued.  In  the 
river  Severn,  about  a  mile  and  a  half  to  the  westward  of  this 
place,  were  seen  and  taken  many  species  of  water-birds, 
that  generally  confine  themselves  to  the  more  northern  re- 
gions. Far  more  pleasant  is  it  to  see  during  the  continuance 
d£  hard  frost,  the  return  of  those  birds  which  had  left  us  at 
the  beginning.  These  are  pleasant  omens,  and  most  cer- 
tainly forbode  a  thaw. 

To  recapitulate  the  substance  of  my  observations.  I  have 
first  adduced  some  arguments  in  support  of  migration,  the 
fact  itself  not  being  generally  admitted  by  naturalists  of  ce- 
lebrity, mid  also  against  the  h3rpothesis  of  a  state  of  torpor, 
or  what  may  be  termed  the  hibernating  system. '  I  have 
represented  that  the  swallow  tribe,  and  many  other  birds 
tliat  absent  themselves  at  stated  periods,  return  annually  to 
tlie  same  spot  to  build  their  nests ;  land  at  the  same  time  that 
any  inference  drawn  from  this  fact  in  support  of  a  state  of 
torpor  would  be  fallacious  upon  physiological  principles. 
That  certain  periodical  changes  of  their  organs  are  the  in- 
citing causes  of  migration  I  have  stated  many  facts,  hitherto, 
I  believe,  imnoticed,  chiefly  with  respect  to  the  oause  which 
excites  die  migrating  bird,  at  certain  seasons  of  the  year,  to 
quit  one  country  for  another,  ancl  the  need  of  a  country 
where  they  can  for  a  while  be  better  accommodated  with 
succoiu*s  for  their  infant  brood  than  in  that  from  which  they 
depart.  It  is  also  attempted  to  be  shown,  that  their  de- 
parture from  this  country  is  not  in  consequence  of  any  dis- 
agreeable change  in  the  temperature  of  the  air,  or  from  a 
"  scarcity  of  their  common  food,  but  the  result  of  the  accom- 
plishment of  their  errand,  t.  e,  the  incubation,  and  rearing  of 
their  young.  That  successiviB  arrivals  of  migrating  birds  are 
attributable  to  the  progressive  developement  already  noticed 
in  the  male  and  female ;  that  progressive  developements  are 
wise  provisions  of  nature ;  that  premature  arrivals  and  depart- 
ures are  frequently  to  be  accounted  for  on  the  same  principlq^ 

With  respect  to  the  winter  birds  of  passage,  I  have  stated 
that  they  quit  their  homes  (this  country)  in  spring,  iiyquest 
of  a  country  better  suited  to  their  intended  purpose  than 
their  own ;  that  they  are  actuated  by  the  same  impulse  in 
quitting  this  country  that  causes  the  spring  birds  to  come  to 
it,  and  that  want  of  food  cannot  be  the  inducement ;  that  the 
emigration  of  the  winter  birds  is  less  complete  tlian  that  of 
the  others  (the  spring  migrators) ;  that  some  species  breed 
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'here,  especially  the  trilA-yiuck  and  wood-pigeon;  tiiat  d^ 
redwings  and  fieldfares  are  the  most  regular  and  unifbnii  ii 
their  appearance  atid  disappearance,  and,  most  probidiljr, 
never  risk  the  trial  of  incubation  here;  that  thej  quit  the 
country  temporcarUy  in  severe  and  lon^  continued  fioel 
through  want  of  food,  and  return  to  it  again  at  the  approadi 
of  more  temperate  weather ;  that  the  arrival  of  water  hiidi 
forebodes  the  approach  of  intense  frost,  the  usual  return  of  the 
winter  birds,  a  thaw ;  that  examinations  of  the  latter  prove 
them  to  have  taken  long  flights  before  their  return,  and  sets 
the  fact  of  temporary  migration  beyond  die  reach  of  doabt. 

Qn  the  Corrosion  of  Copper  Sheeting  hy  Sea  Waiery  and  on 

Metlwds  of  preventing  this  Effect;  and  on  their  A^HeaOm 

to  Ships  of  War  and  other  Sh^,    By  Sir  avufBmt 

'Davy,  Bart.  President  of  the  Royal  Soeiety.^^  [18«*.3 

The  attention  of  Sir  Humphry  Davy  liavmg  been  &> 

rected  to  the  rapid  decay  of  the  sheeting  of  our  ships  of  war, 

by  the  Commissioners  of  the  Navy  Board,  he  commenced 

his  inyest^tion  of  this  subject  by  some  experiments  on  tlie 

causes  of  the  action  of  sea  w^ter  on  copper. 

Whjen  a  pi6ce  of  polished  copper  is  suffered  to*  remain  m 
sea  Water,  the  first  effects  observed  are,  a  yellow  tamidi 
Upon  the  copper,  and  a  cloudiness  in  the  water,  which  take 
^lace  in  two  or  three  hours:  the  hiie  of  the  cloudiness  ii 
at  first  white ;  it  gradually  becomes  green.  In  less  than  a 
day  a  bluish-green  precipitate  l^pears  in  the  bottom  o£  the 
Vessel,  which  constantly  accumulates ;  at  the  same  time  thai 
ihe  surface  of  the  copper  corrodes,  appearing  red  in  the 
water,  and  grass-green  where  it  is  in  contact  with  air.  Gra* 
dually  carbonate  of  soda  forms  upon  this  grass-green  matter; 
and  these  changes  continue  till  the  water  becomes  much  ksi 
saline. 

The  green  precipitate,  when  examined  by  the  action  of  so- 
lution of  ammoniia  and  other  tests,  appears  principally  to  con- 
sist of  an  insoluble  compound  of  copper  (which  may  be  co^* 
;sidered  as  a  hydrated  sub-muriate)  and  Hydrate  of  magnesia 
On  jpnrsuing  his  en(|uir}r  with  various  specimens  of  coppefJ 
takein  trom  different  ships,  some  of  whi^h  had  been  considero| 
as  remarkrf>le  for  their  durability,  and  otiiers  for  their  rapii" 
decay,  —  which  difference  some  persons  bad  supposed  " 
result  from  the  different  states  of  the  metal  in  regard 
ipurity,  —  he  found,  that  although  differently  aDoyed,  thej 
offered  but  very  inconsiderable  differences  in  their  action  ( 
$ea  water,  and,  consequently,  he  inf^ed  ^^^e 
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'  they  bad  tindecgone  must  have  depended  on  dther  c&ue6> 
than  the  relative  purity  of  the  metal.    Sir  Humphry  Davy 
had,  as  esttiy  as  die  year  1806,  advanced  the  hjrpothesis,  that 
cheimical  and  electrical  changes  may  be  identical,  or  depend- 
ent on  the  same  property  of -matter.  He  also  showed  that  che- 
mical attractions  may  be  exited,  modified,  or  destroyed  by  ^ 
changes  in  t|^  electrical  states  of  bodies;  that  substances 
.  will  combine  only  when^they  ar«  in  different  electrical  $tates ; 
^.and  thai^  by  bringing  a  body  naturally  positive,  artificially 
^uito  a  negative  state,  its  usual  powers  <^  combination  are  alto-  . 
gether  d^royed.    By  reasonmg  on  this  hypothesis,  he  was^         • 
ij^  to  the  discovery  which  is  the  subfect  of  this  pap^r.  ^ 
,  - .  He  says,  "  Copper  is  a  metal  only  weakly  positive  ia  the  i 
^electro-diemical  scale;  and,  accordmg  to  my  ideas,  it  could          ^ 
only  act  upon  sea  water  when  in  a  positive  state ;  and,  conse-          ^ 
quentiy,  if  it  could  be  rendered  slightly  negative,  the  corrod-            ^ 
ing  action  of  sea  water  upon  it  would  be  null ;  axvd  whatever 
might  be  the  differences  of  the  kinds  of  oo^er  sheeting  and 
their  electrical  action  upon  ^kch  other^  still  every  effect  of           k 
chemical  action  must  be  prevented,  if  the  whole  surface  were 
rendered  negative.     But  how. was  this  to  be  effeqted?    I  at 
£rst  thought  of  using  a  Voltaic  battery ;  but  this  could  be           r 
hardly  applicable  in  practice*  ^.I  next  thou^t  of  the  contact          ^ 
of  zinc,  tin,  or  iron:  but  I  was  for  some  time  prevented  fi*om 
trjdng  this,  by  the  recollection  that  the  co|^r  ia^e  Voltaic           j 
battery,  as  well  as  the  zinc»  is  dissolved  by  the  action  of          || 
diluted  nitric  acid;  and  by  the  fear  that -too  large  a  mass  of 
,oxidable  metal  would  be  required-  to  produce  decisive  re- 
sults.    After  reflectbg,  however,  for  some  time  on  the  slow            ^ 
and  weak  action  of  sea  water  on  copjper,  and  the  small  dif-           ^ 
iference  which  must  exift  between  &eir  electrical  powers,          ^ 
and  knowing,  that  a  very  feeble  chemi^i^  action  would  be  de«          *" 
stroyed  by  a  very  feeble  electrical  rfidrce,  I  resolved  to  bry 
some  experiments  on  the  subject.  •  I  began  with  an  extreme            i 
case,    r  rendered  sea  water  slightly  acidulous  by  sulphuric           J 
acid,  and  plunged  into  it  a  polished  {riece  (^copper,  to  which 
a  piece  of  tiniyas  soldered  equal  to  about  one  twentieth  of 
the  sur&ce  of  the  copper.    Examined  after  three  days  the          «^ 
copper  remamed  perfeolJy  clean,  whilst  the  tin  was  rapidly 
corroded  :  no  blueness  appeared  in  this  liquor ;  though,  in  a 
comparative  experiment,. when  copper  alcme  and  the  same 
fluid  mixture  was  used,  there  was  a  considerable  corrosion  of 
the  copper,  and  a  distinct  blue  tint  in  the  liquid. 

"  K  one  twentieth  part  of  the  surface  of  tin  j^eivented  the  ' 

action  of  sea  water,  rendered  slightly  acidulous  by  sulphui^c  ^ 
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"■ddd,  I  had  no  doubt  that  a  much  smaller  quantity  wouU 
render  the  action  of  sea  water,  which  depended  only  upon 
tiie  loosely  attached  oxygen  of  common  air,  perfectly  null; 
and  on  tryii^  -^^-^  part  of  tin,  I  found  the  effect  of  its  prevent- 
ing the  corrosion  of  the  cc^per  perfectly  decisive. 

**  Thfe  general  result  being  obtained,  I  immediately  insti- 
tuted a  number  of  experiments,  in  most  of  which  I  was  as- 
sisted by  Mr.  Earaday,  to  ascertain  all  the  circumstances 
connected  with  the  preservation  of  copper  by  a  more  oxidable 

^  metal.    I  found,  that  whether  the  tin  was  placed  either  in 

'  the  middle,  or  at  the  top,  or  at  the  bottom  of  the  sheet  of 

copper,  its  effiscts  were  die  same ;  but,  after  a  week  or  ten 

days,  it  was  found  that  the  defensive  action  of  the  tin  was 

A  injured,  a  coating  of  submuriate  having  formed,  which  pre- 

^  served  the  tin  from  the  action  of  the  liquid. 

^  «  With  zinc  or  iron,  whether  malleable  or  cast,  no  such  di- 

itimution  of  effect*  was  produced.  The  zinc  occasioned  oohf 
a  white  cloud  in  the  sea  water,  which  speedily,  sunk  to  toe 
bottom  of  the  vessel  in  which  the  experiment  was  made.  Thie 
iron  occasioned  a  deep  orange  precipitate :  but  after  noany 
weeks,  not  the  smallest  portion  of  copper  was  found  in  tlie 

*  water ;  and  so  far  from  its  surface  being  corroded,  in  man/ 

1^  parts  there  was  a  regeneration  of  zinc  or  of  iron  found  upon  it. 

« In  pursuing  these  researches,  and  a[^lying  them  to  every 

[  possible  form  wad  connection  of  sheet  copper,  the  results 

I  Were  of  the  most  satts&ctory  kind.     A  piece  of  zinc  as  larsn 

as  a  pea,  or  the  point  of  a  small  iron  nail,  were  found  fuUy 
adequate  to  preserve  40  or  50  square  inches  of  copper ;  and 
this,  wherever  it  was  placed,  whether  at  the  top,  bottom,  or 

I  in  the  middle  of  the  sheet  of  copper,  and  whether  tlie  copper 

f  •  was  straight  or  bent,  or  made  into  coils.    And  where  the 

'  connection  between  d^l^rent  pieces  of  copper  was  completed 

^  by  wires,  or  thin  filaments  of  the  fortieUi  or  fiftieth  of  an 

inch  in  diameter,  the  effect  was  the  same;  every  side,  every 

[  surface,  every  particle  of  the  copper  remained  bright,  whikt 

the  iron  or  the  zinc  was  slowly  corroded. 

<<  A  piece  of  thick  sheet  copper,  containing  on  both  sides 

'^  about  60  square  inches,  was  cut  in  such  a  manner  as  to  form 

seven  divisions,  connected  only  by  the  smallest  filaments  tbat 
could  be  left,  and  a  mass  of  zinc,  of  the  fifth  of  an  inch  in 
diameter,  was  soldered  to  the  upper  division.  The  whole  was 
plunged  under  sea  water;  the  copper  remained  perfectly 
polished.  The  same  experiment  was  made  with  iron :  and 
now,  after  a  lapse  of  a  month,  in  botli  instances,  the  copper 
is  as  bright  as  when  it  was  first  introduced,  whilst  similar 
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pieces  of  copper,  undefended,  in  the  same  sea  water,  have 
Undergone  considerable  corrosion^  and  produced  a  large 
'quantity  of  green  deposit  in  the  bottom  of  the  vessel. 
I  .  *^  A  piece  of  iron  nail  about  an  inch  long,  was  fastened  by  a. 
piece  of  copper  wire,  nearly  a  foot  long,  to  a  mass  of  sheet 
f  copper,  containing  about  40  square  inches,  and  the  whole 
i  plunged  below  the  surface  of  sea  water :  it  was  found,  afler  a 
i  'week,  that  the  copper  was  defended  by  the  iron  in  the  same 
I  manner  as  if  it  had  been  in  immediate  contact. 
1  -  **  A  piece  of  copper  and  a  piece  of  ainc  soldered  together 
I  at^one  of  their  extremities,  were  made  to  form  an  arc  m  two 
I  difierent  vessels  of  sea  water ;  and  the  two  portions  of  water 
i  were  connected  together  by  a  small  mass  of  tow  moistene4 
I  in  the  same  water :  the  effect  of  the  preservation  of  the  cop* 
per  took  place  in  the  same  manner  as  if  they  had  been  in  the 
same  vesseL 

'  *^  As  the  oceto  may  be  considere^^  in  its  relation  to  the 
auantity  of  copper  in  a  ship,  as  an  infuoitely  extended  con- 
auctor,  I  endeavoured  to  ascertain  whether  this  circumstance 
would  influence  the  results ;  bv  placing  two  very  fine  coppei* 
wires,  one  und^ended,  the  outer  defended  by  a  particle  of 
sane,  in  a  Very  large  vessel  of  sefr-water»  which  water  might 
be  cbnnder^  to  bear  the  same  relation  to  so  minute  a  portion 
a£  metal  as  the  sea.  to  the  metallic  sheeting  of  a  ship.  The 
lefiult  of  tiiis  experiment  was  the  same  as  that  oi  all  the 
others ;  the '  defended  copper  underwent  no  change ;  the 
tmdefended  tarnished,  and  deposited  a  green  powder. 

^  Small  pieces  of  2inc  were  soldered  to  different  parts  of  si 
large  plate  of  copper,  and  the  whole  plunged  in  sea  waters 
it  was  found  that  the  copper  was  preserved  in  the  samd 
manner  as  if  a  single  piece  had  been  used* 

<<  A  small  pieee  of  zinc  was  listened  to  the  top  of  a  plattf 
of  polished  copper,  and  a  piece  of  iron  of  a  much  larger  size 
was  soldered  to  the  bottom,  and  the  combination  placed  in 
Bea  water.  Not  only  was  the  copper  preserved  on  both  sides 
in  the  same  manner  as  in  the  other  experiments,  but  even  the 
iron ;  and  after  a  fortnight,  both  the  polish  of  the  copper  and 
theiron  remained  unimpaired." 

AMkkmal  JShapenmettts  and  OhaervatMns  on  the  Applieatum 
cf  Ekctncat  CcmbinaiMM  to  the  Preservation  of  the  Copper 
Shtadmg  of  ShipSf  and  to  other  Purposes.     By  Sir 
HvMBOBY  DdVY,  Bart-^  [1824?.] 
Sir  Humphry  Davy,  in  this  pi^>er»  presents  the  results 

of  his  progressive  experiments,  made  in  our  naval  establish* 
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inents  at  Chatham  and  Portmiouth.  Theie  resolfs  mre  am- 
ibrmable  with  his  original  theoretical  tiews« 

"  Sheets  of  copper,  defended  by  from  -^  to  -jis^j^  jwrt  of 
their  surface  of  zinc,  malleable  and  cast  iron,  were  en^piis^ 
&T  many  weeks,  in  the  flow  of  the  tide  in  FortBmOutii  liar- 
bour,  and  their  weights  ascertained  before  land  after  the  ex^ 
periment.  When  tne  metallic  protector  was  from  ^V  ^  rii* 
there  was  no  corrosion  nor  decay  of  the  copper ;  with  smafier 
quantities,  such  as  from  ^^  to  ^^,  the  copper  underwent  a 
loss  of  weight,  which  was  greater  in  proportion  Aa  the  pro- 
tector was  smaller ;  and  as  a  proof  of  the  uhiv^rsalt^  of  tfafe 
principle,  it  was  found  that  even  -j-^^  part  of  cast  ii*<m  saved- 
a  certain  proportion  of  the  copper. 

'  <<  The  sneeting  of  boats  and  ships,  protected  by  the  ooiitadt 
of  zinc,  cast  and  tnaDeable  iron  hi  difbrent  prtipotthm,, 
compared  with  those  of.  similar  boats  and  sides  of  ntdps  tOK 
protected,  exhibited  bright  sut&ce^,  whibt^lte  tilijprot^ct^ 
copper  underwent  rapid  corrosion^  becomk^g  first  iled«  lil^ 
green^  and  losing  a  part  of  its  substance  in  iicues. 

"  Fortunately,  in  the  coarse  of  these  expteiiments,  it  h» 
been  proved'that  cast  iron,  the  substance  whi<^  i&  diea|^est- 
and  most  easily  procureci)  is  likewise  most^tt^dibr  tlie  pM- 
tection  of  the  copper.  It  lasts  longer  th^  mallelBMe  iton^  or 
zinc;  and  the  plumbaginous  substance, which  ts leflbby'liie 
action  of  sea  water  upon  it,  retains  theori^id  fdnk  ortbe 
iron,  and  does  not  impede  the  electrical  action  of  lihe  reaiaiii^ 
ing  metal. 

**  I  had  anticipated  the  deposition  of  a&aline  siibsta^ces 
in  certain  cases  upon  the  negatively  electrical  copp«ff.  Iliia 
has  actually  happened.  Some  sheets  of  copper,  Uiat  have 
been  exposed  nearly  four  months  to  the  action  of  seaS'watMr, 
defended  by  from  ^  to  -^  of  their  iSmiaceof  ^Aoa  andiron, 
have  become  coated  with  a  white  matter^  wldchy  oi^MBdalysii^ 
has  proved  to  be  principally  cairbonated  linfte^  and  toarbooirte 
andhydralte  of  m^esia.  The  same  ^ing  has  occusttdrwitb 
two  harbour  boats,  one  of  which  was  defended:by  a  band  of 
zinc,  the  other  by  a  band  of  iron,  equal  to  afeKNit  ^of  the 
surface  of  the  copper.  .  - 

*^  These  sheets  and  boats  remained  perfectly  clean  £Mr  many 
weeks,  as  long  as  the  metallic  sui^ce  of  the  comer  was  cat* 
posed ;  but  lately,  since  it  has  become  coated  with  oacboaate 
of  lime  and  magnesia,  weeds  have  adheted  to  theeo  Odatings, 
and  insects  collected  on  them;  but  on  the  shcRBlft  of  .cDpper, 
defended  by  quantities  of  cast  ireh  and  irinc,  beaong  a  pro- 
jyortion  below  -^i^  ^^  dectrical  power  of  di^  ^»mr  hong 
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liesa  n^satiye,  more  neutralised^  and  nearly  in  equiiibrio  with 
that    of  the  menstruum,  no  such  effect  of  deposition  of 
alkaline  matter  or  adherence  of  weeds  has  taken  place,  and 
the  surface,  though  it  has  undergone  a  slight  degree  of  solu- 
^bn,  has  remained  perfectly  clean.:  a  circumstance  of  great 
unportaQce,  as  it  points  out  the  limits  of  protection ;  and 
makes  the  application  of  a  very  small  quantity  of  the  dxidable 
metal  more  advantageous  in  fact  than  that  of  a  larger  one. 
'.  ^<  The  wear  of  cast  iron  is  not  so  rapid ;  but  that  a  mai^s  of 
two  or  three  inches  in  thickness  will  last  for  some  years.    At 
least  the  coxisumption  in  experiments  which  have  been  going 
on  for  nearly  four  months  does  not  indicate  a  higher  ratio. 
This  must,  however,  depend  on  the  relation  of  its  mass  to  tliat 
of  the  copper,. and  upon  other  circumstances  not  yet  ascer- 
tained Uuch  as  temperature,  the  relative'  saltness  of  the  sea» 
and  peniaps  the  rapidity  of  the  motion  of  the  ship) ;  cifcum- 
ctances  in  relation  to  which  I  am  about  to  make  decisive 
€SKperimeQt8.  \ 

*<  Many  sixigular  facts  have  occurred  in  the  course  Of  thede 
researches.  I  shall  mention  some  of  them,  that  I  have  cofi- 
firmed  by  repeated  experiments,  and  which  have  connections 
with  general  science.  ..     ,   I 

«  Weak  solutions  of  salt  act  strongly  upon  coppef ;  kttckf^ 
ones,  a^  brine,  do  not  affect  it;  and  Uie  reason  seems  tb'be. 
that  they  contain  little  or  no  atmospheric  w,  the  oxyge^^  6r 
which  seems  necessary  to  give  the  elecjtro-pbsitive  pflncipte 
of  diange  to  menstrua  of  uiis  class.        '  * 

^  I  had  anticipated  the  result  of  thi^  experunent;  ^d  tipdn 
^^  same  principle  of  some  others. 

,  ^<  AlkaUne  solutions,  for  instance,  impede  or  prevent  the 
action  of  sea  water  on  copper;  having  in  themselves  llle 
positive  elc^Qtrical  ener^,  which  renders  the  copper  negative. 
jLime  jVRfttejr  ey^?  iu  this  way,  renders  n^uU  ^if^  power  of 
action  of  cq)p^  on  sea  water, 

f<  The  tendency  of  electrical  aod  chemical  action .  l^etng 
always  to.  produce  an  equilibrium  in  the  electrical  pbw^s^ 
the  agency  of  aU  combinations  formed  of  metals  and  Buidd 
is  to  occasion  decompositions,  in  such  an  order  that  alkkline, 
.jBetaUic,  and  inflammable  matters 'are  determined  to.  the 
negative  part  of  the  combination,  and  chlprine,  iodine,  oxy* 
.  gene,  and.  acid  matters  to  the  positive' part  I  have  shown  in 
the  Baksrian  lecture  for.  1806,  tli^t  this  holds  good  in  jthe 
Voltaic  battery,  tlic  sani^,  law  applies  to  tliese  feebler 
jDombinatioQS.  If  copper  in  contact  wUh  cast  iron  be  placed 
in  a  vessel  half  full  of  sea  water,  and  having  its  surface  p^i^* 
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tially  above  that  of  the  water,  it  will  become  coated  with 
carbonate  of  lime,  carbonate  of  magnesia,  and  carbonate  of 
soda;  and  the  carbonate  of  soda  will  gradually  accumulate 
till  the  whole  surface  in  the  air  is  covered  with  its  crystals  :— 
.  and  if  the  iron  is  in  one  vessel,  and  the  copper  forming  an 
arc  with  it  in  another ;  and  a  third  vessel  of  sea  water  in 
electrical  connection  by  asbestos  or  cotton  is  intermediate, 
the  water  in  this  intermediate  vessel  continually  becomes  less 
saline ;  and  undoubtedly,  by  a  continuance  of  the  process, 
might  be  rendered  fresh." 


Purser  Huearches  on  the  PreservaHan  of  Meteds  by  Ehdfo- 
ehemieal  Means,  By  Sir  Hvmpbry Davy,  J^xrL — [1825.] 

The  preservation  of  the  copper  sheeting  of  ships  from 
corrosion,  by  electro-chemical  means,  having  been  satis* 
factorily  established  by  Sir  Humphry  l>avy,  he  subsequenliy 
directed  his  attention  to  the  important  circumstance,  haw 
far  the  cleanness  of  the  bottom  of  the  vessel,  or  its  freedom 
from  the  adhesion  of  weeds,  or  animals  d  the  polypus  and 
other  kinds,  would  be'  influenced  by  this  preservation.  He 
says,  ^  As  long  as  the  whole  surface  of  the  copper  changes  or 
corrodes,  no  such  adhesions  can  occur  ^  but  when  this  graen 
rust  has  partially  formed,  the  copper  below  is  protected  by  it, 
end  there  is  an  unequal  action  produced,  the  electrical  efiect 
of  the  oxid6,  submuriate,  and  carbonate  of  copper  formed, 
being  to  produce  a  more  rapid  corrosion  of  the  parts  stffl  ex* 
posed  to  >ea  water ;  so  that  the  sheets  are  often  found  per- 
-  forated  with  holes  in  one  part,  after  being  used  five  or  six 
years,  and  comparatively  sound  in  other  parts. 

^  There  is  nothing  in  the  poisonous  nature  of  the  metal 
which  prevents  these  adhesions.  It  is  the  solution  hf  whidi 
they  are  prevented  —  the  wear  of  surface.  Weeds  and  rfiM!- 
fish  readily  adhere  to  the  poisonous  salts  of  lead' which  form 
upon  the  lead  protecting  the  fore-part  of  the  keel ;  and  to  fhe 
copper,  in  any  chemical  combination  in  which  it  b  ins<^uble« 

<<  In  general,  in  ships  in  the  navy,  the  first  efibct  of  the  ad* 
hesion  of  weeds  is  perceived  upon  the  heads  of  the  mixed 
metal  nails,  which  consist  of  copper  alloyed  by  a  small  quan- 
tity of  tin.  The  oxides  of  tin  and  copper  which  form  upon 
the  head  of  the  nail  and  in  the  space  round  it,  defend  the  mecal 
fcGm  the  action  of  sea  water ;  and  beine  n^ative  with  respect 
to  it,  a  stronger  corroding  effect  is  produced  in  its  immediate 
vicinity,  so  that  the  copper  is  often  worn  into  deq>  and  irre* 
gular  cavities  in  these  parts.  ^        , 
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**.When  copper  is  unequally  worn,  likewise  in  harbours  or 
6eas,  where  the  water  is  loaded  with  mud  or  mechanical  de- 
posits, this  mud  or  these  deposits  rest  in  the  rough  parts  or 
depressions  in  the  copper,  and  in  the  parts  where  thedif* 
Ibrent  sheets  join,  and  afford  a  soil  or  bea  in  which  sea  weedf 
can  fix  their  roots,  and  to  which  zoophytes  and  shell-fish  can 
adhere. 

'<  As  far  as  my  experiments  have  gone,  small  quantities  of 
otlier  metals,  such  as  iron,  tin,  zinc,  or  arsenic,  in  alloy  in 
copper,  have  appeared  to  promote  the  formation  of  «n  inso- 
luble compound  on  the  surface ;  and,  consequently,  there  is 
much  reason  to  believe  must  be  favourable  to  tlie  adhesion 
of  weeds  and  insects.  ^ 

^  The  very  first  experiment  that  I  made  on  haibour-boats  at 
Portsmouth  proved  that  a  single  mass  of  iron  protected  fully 
and  entirely  many  sheets  of  copper,  whether  in  waves,  tides, 
or  currents,  so  as  to  make  them  negatively  electrical,  and  in 
Buch  a  degree  as  to  occasion  the  deposition  of  earthy  matter 
upon  them;   but  observations  on  the  effects  of  the  singte 
contact  of  iron  upon  a  number  of  sheets  of  copper,  where  the 
junctions  and  nails  were  covered  with  rust,  and  that  had  been 
in  a  ship  for  some  years,  showed  that  the  action  was  weak- 
ened in  the  case  of  Imperfect  connections  by  distance,  and 
that  the  sheets  near  the  protector  were  more  defended  tha^ 
.  those  remote  from  it.     Upon  this  idea  I  proposed,  that  when 
sliips,  of  which  the  copper  sheathing  was  old  and  worn,  were 
to  be  protected,  a  greater  proportion  of  iron  should  be  used,, 
and  that  if  possible  it  should  be  more  distributed*    ^e  first 
experiment  of  this  kind  was  tried  on  the  Samm^ng,  of  28 
guns,  in  March,  1824>,  and  which  had  been  ^^ppered  three 
years  before  in  India.     CmI  iron,  equal  ip^sui^ace  to  about 
j^th  of  that  of  the  <:Opper,  was  appli^  in  four  masses, 
two  near  t^e  /st^m,  two  on  the  bows.    She  made  a  voyage 
to  Nova  Scotia,  and  returned  in  ^nuary,  1^25.     A  false 
and  entirely  unfounded  statement  respecting  mis  vessel  was 
published /n  most  of  the  newspapers,  that  the  bottom  was 
cov(Bre/with  weeds  and  bapiacles.    1  was  present  at  Ports- 
mouth soon  after  she  was  brought  into  dock :  there  was  not 
tlig^lJ^st  weed  or  shell-fish  upon  the  whole  of  the  bottom 
jyn^  few  feet  round  the  stem  protectors  to  the  lead  on  her 
ow,    Round  the  stem  protectors  there  was  a  slight  adhesion 
^  rust  of  u-on,  and  upon  this  there  were  some  zoophytes  of 
^e  capdlarvkind,  of  an  inch  and  a  half  or  two  mdies  in 
3l  ^^  a   nu'nber  of  minute  bamacles,  both  Lepas 
a»a"^S  and  Balanus  tintinnabulum.    For  a  considerable 
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space  round  the  protectors,  both  on  the  stem  and  bow,  the 
copper  was  br^ht ;  bat  the  colour  became  green  towards  the 
central  parts  a£  the  ship;  yet  even  here  the  rust  or.rerdi- 
grease  was  a  light  powder,  and  only  small  in  qimntity,  and  did 
not  adhere,  or  come  off  in  scales,  and  there  had  been  evi- 
dendy  little  copper  lost  in  the  voyage.  That  the  protectors 
had  not  beeiv  the  cause  of  the  trSing  and  perfectly  insig« 
nificaht  adhesions  by  any  electrical  effect,  pr  by  oceasioning 
:any  deposition  of  earthy  matter  upon  the  copper,  was  evident 
-from  this — that  the  lead  on  the  bow,  the  part  of  the  ship 
most  exposed  to  the  friction  of  the  water,  contained  these 
adhesions  in  a  mudi  more  accumulated  state  than  that  in 
which  they  existed  near  the  stem ;  and  there  were  none  at 
all  on  the  clean  copper  round  the  protectors  in  the  bow ;  and 
the  slight  coating  of  oxide  of  iron  seems  to  have  been  tht^ 
cause  of  their  appearance. 

"  I  had  seen  this  ship  come  into  dock  in  the  spring  of  1824^ 
before  she  was  protected,  covered  with  thick  green  carbonate 
.  and  submuriate  of  copper,  and  with  a  number  of  long  we^ds, 
principally  flici,  and  a  quantity  of  zoophytes,  adliering  to 
different  parts  of  the  bottom ;  so  that  tiiis  first  experiment 
was  highly  satisfactory,  though  made  under  very  un&vpurable 
•  circumstances. 

*«  The  only  two  instances  of  vessels  which  have  been  recent^ 
coppered,  and  which  have  made  voyages  furnished  with  pro- 
tectors, that  I  have  had  an  opportunity  oJP  examining,  are  the 
Elizabeth  yacht,  belonging  to  the  Earl  of  Darnley,  and  the 
'  Camebrea  Castle,  an  Indiaman,  belonging  to  Messrs.  Wigram, 
The  yacht  was  protected  by  about  -rj-s^th  part  of  malleable 
iron,  placed  in  two  masses  in  the  stem.     Sne  had  been  oc- 
casionally employed  in  sailing,  and  had  been  sometimes  in 
harbour  during  six  months.     Wheft  I  saw  her  in  November, 
^she  was  perfectly  clfean,  and  the  copper  apparently  imtouchcjd. 
*X.ord  Darnley  informed  me,  that  there  never  had  been  the 
.  slightest  adhesion  of  either  weed  or  shell-fish  to  hep  copper, 
but  that  a  few  small  barnacles  had  once  appeared  on  &e  loose 
oxide  of  iron  in  the  neighbourhood  of  the  protectoxq,  which, 
however,  were  immediately  and  easily  washed  ot     The 
'Camebrea  Castle,  a  large  vessel,  of  upwards  of  650  toi^,  ^as 
fumished  with  four  protectors,  two  on  the  stem,  and  tw^  oa 
the  bow,  equal  together  to  about  yj^  of  the  surface  of  he 
copper.     She  had  been  protected  more  than  twelve  monthj. 
and  had  made  the  voyage  to  Calcutta  and  back.     She  came 
into  the  river  perfectly  bright ;  and  when  examined  in  *^e  \ 
dry  dock,  was  found  entirely  free  from  any  adhesiop  ^d    \ 
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X>ffer^d  a  beautiful  and  almost  polished  ^urface ;  and  theri^ 
seemed  to  be  no  greater  wear  of  copper  than  puld  be  ac- 
counted for  from  mechanical  causes. 

**  At  Liverpool,  as  1  am  informed,  several  ships  have  been 
.protected,  and  have  returned  after  voyages  to  the  West  Indies, 
and.  even  to  the  East  Indies.    The  proportion  of  protecting 
inetal  in  all  of  them  has  been  beyond  what  I  have  recom- 
mended, -^to  -^;  yet  two  of  them  have  been  found  per- 
fectly clean,  and  wjith  the  copper  untouched,  after  voyages 
M>  Demarigira;  and, another  nearly  in  the  same  state,  after 
two  voyages  to  the  same  place.    Two  others  havie  had  their 
bottCHPS  more  qr  less  covered.  wi.th  barnacles ;  but  the  pre- 
'i5,ervation  qf  the  copper  has  been  in  all  cases  judged  complete 
TThe  iron  lias  been  placed  along  the  'keel  on  boUi  sides ;  and 
the  barnacles,  in  cases  where  they  have  existed,  have  beei 
'generally  upon  the  flat  of  the'  bottom ;  from  which  it  may 
tie  concluded,  that  they  adhered  eithier  to  the  oxide  of  iron, 
or  the  calcareous  deposits  occasioned  by  the  excess  of  ne^^ 
tive  electricity, 

"  In  the  navy,  the  proportion  adopted  has  been  only  a:J^.9f 

qast  iron,  at  least  for  vesisels  in  actual  service,  and  when  the 

object  is  rather  cleanness  than  the  preservation  of  the  copper. 

**  It  is  very  dilRcult  to  point  out  the  circumstances  which 

have  rendered  results,  such  as  tliese  mentioned  with  respect 

"to  Liverpool  traders,  so  different  under  apparently  the  smne 

circnmstances^  t.  e.  why.  ships  should  exhibit  no  adhesio^ 

^  tiarnades  after  two  voyages,  whilst  on  another  ship^  with 

the  same "quahtityV)f  protection,  they  should  be  foiind  a^er  a 

single  voyage.    This  may  pirobably  depend  upon  one  ship 

having  remained,  at  rest  m  harbour  longer  than  another,  or 

having  been  becalmed  for  a  short  time  in  shallow  seas,  where 

ova  of  shell-fish,  or  young  shell-fish  existed ;  or  upon  oxid^ 

^of  iron  being  formed,  and  not  washed  off,  in  consequence  of 

'calm  weather,  and  which  consolidating,  was  not  mterwSLTjis 

separated  in  the  voyage.    From  what  I  can  learn,  howeveiy 

the  chance  of  a  certain  degree  of  foulness,  in  consequence  of 

the  application  of  the  fuu  proportion  of  protecting  metal, 

'will  not  prevent  ship  owners  from  employing  this  proportioi|, 

as  the  saving  of  copper  is  a  very  great  object;  and  as  los^ 

as  the  copper  is  sound,  no  danger  is  to  be  apprehended  irom 

worms. 

^  "  The  copper  used  for  sheathing  should  be  the.  purest  that 
can  be  obtained ;  and  in  being  applied  to  the  ship,  its  surface 
should  be  preserved  as  smooth  and  equable  as  possible  :  an^ 
the  nails  used  for  fastening  should  likewise  be  of  pure  copper; 
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and  a  little  difference  in  their  thickness  iuid  shape  will  eas3^ 
compensate  for  their  want  of  hardness. 

^  In  vessels  employed  for  steam  navigation,  the  protecting 
nietal  can  scarcely  be  in  excess,  as  the  rapid  motion  of  these 
ships  prevents  the  chance  of  any  adhesions ;  and  the  weaf 
of  the  copper,  by  proper  protection,  is  diminished  more  tfaaa 
two  thirds." 


On  the  nuxgneiumg^  Power  cfthe  niere  r^ranffihle  Solar  Rojfti^ 
By  Mrs.  M.  Somshfills.—  [18S6.] 

"In  the  year  1813,  Professor  Morichini  of  Rome  discovered 
tiiat  steel,  exposed  to  the  violet  rays  of  the  solar  spectrum, 
becomes  magnetic.  His  experiments  were  repeated  by  Fk'o* 
fessor  Cbnfigliachi  at  Pavia,  and  also  by  Mons.  Berard, 
ftt  Montpellier,  without  success.  I  am  not  aware  of  any  one 
having  attempted  them  in  this  country,  perhaps  from  the 
belief  that  experiments  which  had  sometinies  fkiled  in  Italy 
were  not  likely  to  succeed  in  our  more  ^northern  climate^ 
The  unusual  clearness  of  the  weather  last  summer,  however, 
induced  me  to  try  what  could  be  accomplished  in  this  country. 
Accordingly,  in  the  month  of  July,  an  equiangular  prism  of 
flint  glass,  the  three  sides  of  which  were  each  1.4  by  1.1 
inches,  was  fixed  in  a  slit  made  to  receive  it  in  a  whidovr« 
shutter :  by  this  prism  a  coloured  spectruni  was  thrown  on 
an  opposite  panel,  at  the  distance  of  about  five  feet  1  used 
for  the  subject  of  experiment  a  very  slender  sewing  needle 
an  inch  long,  having  previously  ascertained  that  it  was  qoite 
free  from  magnetism,  by  repeated  exposure  of  both  ends  of  it 
to  the  north  and  south  pole  of  a  very  sensible  magnetic 
needle,  when  it  was  found  equally  to  attract  either  pole  iu 
every  instance.  The  magnetic  needle  employed  as  a  test  in 
this  experiment  is  made  of  a  sewing  needle  magnetised,  and 
run  through  a  small  piece  of  cork,  into  which  a  conical  cap 
of  glass  is  inserted;  the  whole  traverses  on  the  point  of  a 
needle  fixed  perpendicularly  in  a  stand. 

<<  I  had  no  inrormation  at  this  time  of  the  manner  in  which 
Professor  Morichini,  had  conducted  his  experiments  ;  but  it 
occurred  to  me  that  it  was  not  likely  tliat  if  the  whole  of  the 
needle  were  equally  exposed  to  the  violet  rays,  the  same 
influence  should,  at  the  same  time,  produce  a  south  pole  at 
one  end  of  it,  and  a  north  pole  at  the  oUier,  I  therefore 
covered  half  of  the  needle  with  paper,  and  fixed  it  to  the 
panel  with  wax,  between  ten  and  eleven  in  the  morning,  in 
such  a  position  that  the  uncovered  part  of  it  should  be  exposed 
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he  vicJet  rays.  The  neecUe  was  placed  in  a  vertical  plane, 
rly  perpendicular  to  the  niaenetic  meridian,  and  inclined 
he  honzon.  As  I  had  not  a  neiiostat,  it  was  necessary  to 
r^  the  needle  in  a  direction  parallel  to  itself,  to  keep  the 
osed  portion  of  it  constantly  m  the  violet  ray. 
=  The  sun  was  bright  at  the  time,  and  in  less  than  two  hours 
id  the  gratification  to  find  that  the  end  of  the  needle  which 
I  been  exposed  to  the  violet  rays  attracted  the  south  pole 
the  magnetic  needle,  and  repelled  the  north  pole.  It  had 
tOL  previously  ascertained  that  there  was  no  iron  near  to 
turb  the  results.  The  experiment  was  also  repeated  on 
I  same  day,  under  precisely  similar  circumstances,  with  the 
w  of  detecting  any  source  of  error  that  might  have  escaped 
tervation  in  a  first  attempt ;  but  the  result  was  the  same  as 
the  fii-st.  : 

^<  The  season  was  so  favourable  that  it  afforded  me  daily 
portunity  of  repeating  the  experiments,  varying  the  size 
the  needles,  always  taking  especial  care  to  ascertam  that 
dy  were  free  from  magaetism.  The  needles  were  placed 
various  directions  in  me  plane  of  the  magnetic  meridian, 
metimes  in  the  anele  of  the  dip,  sometimes  peipendicular 

the  ma^etic  mendian,  and  also  at  various  angles  with 
gard  to  It,  In  some  cases  the  heads  of  the  needles  were 
Lposed,  in  place  of  the  points,  to  the  violet  rays.  Perhaps  it 
ight  have  been  expected  that  the  influence  would  have  been 
eater  in  those  instances  in  whicU  the  needles  were  placed 

the  plane  of  the  magnetic,  meridian,  and  at  the  angle  of 
le  dip;  and,  consequently,  polarity  might  have  been  ex- 
acted to  take  place  in  a  shorter  time  under  these  circum- 
ances ;  yet  in  fact  there  seemed  to  be  no  difference ;  most 
?  the  needles  became  magnetic,  some  in  longer,  others  m 
lorter  periods,  varying  from  about  half  an  hour  to  four  hours, 
at  depending  on  circumstances  which  I  have  not  yet  be«i 
ble  to  detect,  further  than  that  a  number  of  results  induced 
le  to  believe,  that  the  experiments  were  more  successful 
rom  10  to  12,  or  one  o'clock,  than  later  in  the  day.  The 
•ortion  of  the  needle  exposed  was  almost  always  a  north 
»ole,  whether  it  pointed  upwards  or  downwards.  In  a  few 
Qstances  m  which  the  contrary  occurred,  it  may  possibly  have 
arisen  from  some  previous  cUsposition  in  the  needle  to  mag* 
letism,  too  slight  to  be  observed. 

^  The  distance  of  the  needle  from  the  prism  was  frequently 
raried  by  fixing  the  needle  to  the  wooden  pole  of  a  fire-screen, 
'A\i  without  material  variation  in  the  effect  '  I  found  it  un- 
lecessary  ta  darken  the  room ;  it  was  sufBcient  to  place  the 
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prism,  so  as  to  throw  the  spectrum  on  any  place  out  of  t^ 
sun's  rays. 

^  My  next  object  was  to  endeavour  to  ascertain  whether  aqy 
other  of  the  more  refrangible  rays  had  the  same  propeir^  ^ 
the  violet.  A  set  of  needles  carefully  examinea  ,as  befb^ 
were  therefore  subjected  to  the  different  rays  of  the  solar 
spectrum ;  the  needles  exposed  to  blue  and  green  rays,  some* 
tunes  acquired  the  magnetic  property,  though  less  frequentljr, 
and  requiring  longer  exposure  than  when  the  violet  rays  -were 
used ;  but  tibe  magnetism  seemed  to  be  equally  strong  in 
these  as  in  the  examples  of  tlie  violet  rays.  The  part  exposed 
became  a  north  pole.  The  indigo  rays  succeeded  almost  ^B 
well  as  the  violet.*' 

Mrs.  Somerville  then  tried  the  experiment  with  pieoes  of 
watch-spring ;  supposing  that  fi'om  their  blue  colpu^  tliCT 
might  be  more  susceptible  of  the  magnetic  influence;  and  U 
was  the  case^  though,  she  thinks,  Sieir  greater  extent  pf 
surface,  or  their  softness,  may  have  contributed  to  this,  sus- 
ceptibility. 

**  I  was  desirous  of  ascertainii^  whether  dark-blue  glafs 
.  suffered  the  diemical  rays  to  pass,  and  thereby  occasion  the^ 
changes  in  the  steel,  therefore  I  employed  a  liquid  holduajg 
muriate  of  silver  in  suspension,  as  a  test;  in  the  foyowi^g 
manner:  apiece  of  writing  pa^er  dipped  in  the  liquid  w^ 
cut  into  two  equal  parts,  of  wluch  one  was  placed  under  the 
blue  glass,  and  me  other  under  a  white  glass,  as  nearly  at  tlie 
same  time  as  possible ;  but  the  one  did  not  become  black 
sooner  than  the  other ;  nor  on  comparing  them  could  any 
difference  be  perceived  in  intensity  of  colour,  both  having 
been  Equally  exposed  to  the  chemical  rays.  The  experiment 
was  repeated  with  the  same  result. 

<<  On  the  26th  of  August,  the  thermometer  at  nocm  bei^g 
(66^,  two  neutral  pieces  of  clock-spring  were  exposed  to  the 
sun,  one  under  a  thicker  piece  of  the  same  blue  glass,  asm 
the  former  experiment,  and  the  other  under  green  glass ;  both 
acquired  polarity. 

"  To  learn  if  heat  had  any  share  in  producing  magnetism  in 
this  case,  I  exposed  three  pieces  of  the.  same  steel  to  abr^bt 
sunshine,  on  tne  1st  of  September,  the  thermometer  atno<m 
being  at  70° :  one  half  of  each  was  covered  with  paper,  b^t 
the  other  half  had  neither  glass  nor  ribbon  over  it{  and 
although  the  heat  was  greater  than  on  the  precedijig  day,  no 
magnetism  was  produced. 

"  On  the  2d  of  September,  thermometer  at  noon  68%  a 
piece  of  neutral  white  steel  acquired  polarity  from  exposure 
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4)0  tBe  ftiin,  envdoped  in  gr^en  r}bbpn,  one  half  being  covered 
;with  paper  as  before, 

;  «  On  tb6  5d  of  September,  theirntQmeter  „at  no0n  6BS  twp 
|ytec^d  of  neutral  spring  became  magnetic,  one  expqsed  in  a 
.viaIet*calonred  ribbon,  and  the  other  in  Mne  glass,  while  .a 
J^itnilar  piece  of  spring  was  in  bo  way  affected  by  exposinre  to 
white  light :  the  half  of  each  was  covered  with  paper." 


'  On  the  nervous  Circle  which  connects  the  voluntary  MMselm 

with  the  Brcdn.    By  Chamles  Bbll^  Esq*  —  [18^;] 

The  object  of  this  paper  is  the  developement  of  the  facts 

•which    confirm  the  opinion  that  Mr,  Bell  had  previously 

ladyanced ;  —  that  the  nerves  of  sensation  and  motion  arip 

wholly  distinct  from  each  other;  —  and  to  demonstrate,  that 

when  nerves  of  different  functions  take  their  origin  apart  and 

4Tm  a  dififerent  course,  two  nerves  must  unite  in  the  muscles, 

in  order  to  perfect  the  relation  between  the  brain  and  th^jse 

muscles.    JHe  has  shown,  in  respect  to  the  nerves  of  the  fjwj^, 

that,  by  dividing  oi^  nerve,  sensation  was  destroyed,  whilst 

amotion  remained;  and  by  dividing  the  other,  motion  w^ 

prevented,  whilst  sensibility  remained  entire.    He  says,  — 

"  For  a  time  I  believed  that  the  fifth  nerve,  which  is  the 
sensitive  nerve  of  the  head  and  face,  did  not  terminate  in  the 
Bubstance  df  the  muscles,  but  only  passed  through  thein  to 
the  ^kin ;  eind  I  was  the  mbre  inclmed  to  this^elief  on  pl> 
serving  that  tiie  muscular  parts  when  exposed  in  surgical 
(q;)eration8  did  not  possess  that  exquisite  sensibility  which  the. 
.profusion  of  the  sensitive  nerves  would  imply,  or  which  the 
skin  really  possesses. 

^  Still  dissection  did  not  authorise  this  conclusion.  I  traced 
the  sensitive  nerves  into  the  substance  of  the  muscles:  I 
found  that  the  fifth  pair  was  distributed  more  profusely  to  the 
muscles  than  to  the  skin ;  and  that  estimating  all  the  nerves 
given  to  the  hiuscles,  the  greater  proportion  belonged  to  the 
fifth  or  sensitive  nerve,  and  the  smaller  proportion  to  tlie 
.  seventh  or  motor  nerve.  On  referring  to.  the  best  authorfties, 
.'as  Meckel,  ^nd  my  excellent  preceptor  Mon^o,  the  eattre- 
mities  of  the  fifth  Were  described  by  them  as  going  into  the 
muscles,  so  that  of  this  fact  there  cannot  be  a  doubt 

^*  Having  in  a  former  paper  demonstrated  that  the  portib 

.  dura  of  the  seventh  nerve  was  the  motor  of  the  fece,  and^at 

it  ran  distinct  firom  the  sensitive  nerve,  the  fifth,  and  obseirtBng 

.  that  they  joined  at  their  extremities,  or  plunged  together  into 

the  muscles,  I  was  nevertheless  unwilling  to  draw  a  conclusion 
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from  a  single  instance;  and  therefore  cast  about  for  otiief 
examples  of  the  distribution  of  the  muscidar  nerves.  It  w» 
easy  to  find  motor  nerves  in  combination  with  sensitive  ner^ei^ 
for  all  the  spinal  nerves  are  thus  composed ;  but  we  wanted 
a  muscular  nerve  clear  in  its  course,  to  see  what  alliance  k 
would  form  in  its  ultimate  distribution  in  the  muscle.  I  foand 
in  the  lower  piaxillary  nerve  the  example  I  required. 

**  The  fifth  pair,  firom  which  this  lower  maxillary  nerve  corner 
as  I  have  elsewhere  explained,  is  a  compound  nerve  ;  that  b 
lo  say,  it  is  composed  of  a  nerve  of  sensation,  and  a  nerve  of 
motion.  It  arises  in  two  roots,  one  of  these  is  the  muscular 
nerve,  the  other  the  sensible  nerve:  on  this  last  division  the 
Gasserian  ganglion  is  formed.  But  we  can  trace  the 
motor  nerve  clear  of  the  ganglion  and  onward  in  its  course  to 
the  muscles  of  the  jaws,  and  so  it  enters  the  temporal  masseter 
pterygoid  and  buccinator  muscles. 

**  If  all  that  is  necessary  to  the  action  of  a  muscle  be  a  nerv6 
to  excite  to  contraction,  these  branches  should  have  been 
unaccompanied;  but  on  the  contrary,  I  found  that  before 
these  motor  nerves  entered  the  several  muscles,  they  were 
joined  by  branches  of  the  nerves  which  came  through  the 
Gasserian  ganglion,  and  which  were  sensitive  nerves. 

<<  I  found  the  same  result  on  tracing  motor  nerves  into  the 
orbit,  and  that  the  sensitive  division  of  the  fifUi  pair  of  nerves 
was  transmitted  to  the  muscles  of  the  eye,  although  these 
muscles  were  supplied  by  the  third,  fourth,  and  sixth  nerves. 

"  A  circumstance  observed  on  minute  dissection  remained 
unexplained, — when  motor  nerves  are  proceeding  to  several 
muscles  they  form  a  plexus ;  that  is,  an  interlacement  and 
eKchange  df  fibres  takes  place. 

<<  The  muscles  have  ho  connection  with  each  other,  they  are 
combined  by  the  nerves ;  but  these  nerves,  instead  of  passii^ 
betwixt  the  muscles,  interdiange  their  fibres  befbre  their  dis- 
tribution to  them,  and  by  this  means  combine  the  muscles 
into  classes.  The  question,  therefore,  may  thus  be  stated : 
why  are  nerves,  whose  office  it  is  to  convey  sensation,  pro- 
fusely given  to  muscles  in  addition  to  those  motor  nerves 
which  are  given  to  excite  their  motions?  and  why  do  bodi 
classes  of  muscular  nerves  form  plexus  ? 

^  To  solve  this  question,  we  must  determine  whether  musdes 
have  Bxkf  other  purpose  to  serve  than  merely  to  contract 
under  the  impulse  of  the  motor  nerves.  For  if  they  have  a 
reobctive  influence,  and  if  their  condition  is  to  be  fbit  or  per- 
ceived, it  will  presently  appear  that  the  motor  nerves  are  not 
•  suitable  internuncii  betwixt  them  and  the  sensoriuth. 
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**  I  shall  first  enquire,  if  it  be  necessarjr  to  the  governance  of 
£he  muscular  frame  that  there  be  a  consciousness  of  the  state  or 
degree  qf  action  of  the  muscles  ?  That  we  have  a  sense  of  the 
qondition  of  the  muscles  appears  from  this ;  that  we  feel  the 
efifects  of  over-exertion  and  weariness,  and  are  excruciated  by 
spashiSy  and  feel  the  irksomeness  of  continued  position.  We 
possess  a  power  of  weighing  in  the  hand :  —  what  is  this  but 
estimating  the  muscular  force  ?  We  are  sensible  of  the  most 
minute  changes  of  muscular  exertion,  by  which  we  know  the 
position  of  the  body  and  limbs,  when  there  is  no  other  means 
of  knowledge  open  to  us.  If  a  rope-dancer  measures  his 
steps  by  the  eye,  yet  on  the  other  hand  a  blind  man  can 
balance"^  his  body.  In  standing,  walking,  and  running,  every 
effort  of  the  voluntary  power,  wliich  gives  motion  to  the  body, 
IS  directed  by  a  sense  of  the  condition  of  the  muscles,  and 
without  this  sense  we  could  not  regulate  their  actions. 

"  If  it  were  necessary  to  enlarge  on  this  subject,  it  would  be 
easy  to  prove  that  the  muscular  exertions  of  the  hand,  the 
eye,  the  ear,  and  the  tongue,  are  felt  and  estimated  when  we 
(lave  perception  through  these  organs  of  sense;  and  that 
without  a  sense  of  the  actions  of  the  muscular  frame,  a  very 
principal  inlet  to  knowledge  would  be  cut  off. 

<<  If  it  be  granted,  that  there  must  be  a  sense  of  the  condition 
of  the  musde,  we  have  next  to  show  tliat  a  motor  nerve  is 
not  a  conductor  towards  tlie  brain,  and  tliat  It  caimot  perform 
the  office  of  a  sensitive  nerve. 

«  Without  attempting  to  determine  the  cause,  whether  de* 
pending  on  the  structure  of  the  nervous  cord,  or  the  nature* 
or  the  source  of  the  fluid  contained,  a  pure  or  simple  nerve 
has  die  influence  propagated  along  it  in  one  direction  only» 
and  not  backwards  and  forwards ;  it  has  no  reflected  operation 
or  power  retrograde ;  it  does  not  both  act  from  and  to  the 
densorium. 

*<  Indeed  reason  without  experience  would  lead  us  to  con- 
dude,  that  whatever  may  be  the  state,  or  the  nature  of  the 
activity  of  a  motor  nerve  during  exertion,  it  supposes  an 
energy  proceeding  ^Tiom  the  brain  towards  the  muscles,  and 
precludes  the  activity  of  the  same  nerve  in  the  opposite 
direction  at  the  same  moment.  It  does  not  seem  possiblCf 
therefore,  that  a  motor  nerve  can  be  the  means  of  coi;nmuni- 
eating  the  condition  of  the  muscles  to  the  brain. 

^^  j^xpose  the  two  nerves  of  a  muscle ;  irritate  one  of  tWm, 
and  the  muscle  will  act ;  irritate  the  other,  and  the  muscle 
remains  at  rest.  Cut  across  the  nerve  which  had  the  power 
of  exciting  the  muscle,  and  stimulate  the  one  whidi  is  undi« 
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vlded  —  the  animal  wiU  give  iBdicatiQn  of  pain ;  but  althou^ 
the  nerve  be  injured  so  as  to  cause  universal  agitation,  ue 
ipusde  with  >vhicb  it  is  directly  connected  does  not  move. 
Both  nerves  being  cut  across,  we  shall  still  find  that  bj 
exciting  one  nerve  the  muscle  is  made  to  act,  even  days  after 
the  nerve  has  been  divided ;  but  the  other  nerve  has  no  to* 
fluence  at  all. 

"  Anatomy  forbids  us  to  hope  that  the  experiment  will  be 
as  decisive  when  we  apply  the  irritants  to  the  extremities  of 
the  divided  nerves  which  are  connected  with  the  brain ;  for 
all  the  muscular  nerves  receive  more  or  less  minute  filaments 
of  sensitive  nerves,  and  these  we  can  trace  into  them  by  the 
Knife,  and,  consequently,  they  will  indicate  a  certain  degree  of 
sensibility  when  hurt.  To  expose  these  nerves  near  their 
Qrig:ins,  and  before  any  filament  of  a  sensitive  nerve  mingles' 
with  them,  requires  the  operator  to  cut  deep,  to  break  up  the* 
bones,  and  to  divide  the  blood-vessels.  All  such  experiments' 
are  much  better  omitted ;  they  never  can  lead  to  satisfaptarj 
conclusions. 

^j  ^*  Now  it  appears  the  muscle  has  a  nerve  in  addition  to  the 
motor  nerve,  which  being  necessary  to  its  perfect  function 
equally  deserves  the  name  of  muscular.  This  nerve^  however, 
has  no  direct  power  over  the  muscle,  but  circuitously  througb 
the  brain,  and  by  exciting  sensation  it  may  become  a  cause  of 
action* 

«  Between  the  brain  and  the  muscles  there  is  a  circle 'tf 
nerves  :  one  nerve  conveys  the  influence  from  the  brain  to  the' 
muscle,  another  gives  the  sense  of  the  condition  of  the  muscle  to 
(he  brain.  If  the  circle  be  broken  by  the  division  of  the  motor 
nerve,  motion  ceases  ;  if  it  be  broken  by  the  division  of  the 
other  nerve,  there  is  no  longer  a  sense  of  the  condition  of 
the  muscle,  and  therefore  no  regulation  of  its  activitv, 
'  "  We  have  noticed,  that  there  is  a  plexus  formed  both  oh 
the  nerves  which  convey  the  will  to  the  muscle?,  and  on  the 
nerves  which  give  the  sense  of  the  condition  of  the  muscles. 
The  reason  of  this  I  apprehend  to  be  that' the  nerves  must 
correspond  with  the  muscles,  and,  consequently,  with  one 
another.  If  the  motor  nerve  has  to  arrange  the  acdon  pf 
several  muscles  so  as  to  produce  a  variety  of  motions,  the 
combinations  must  be  formed  by  the  interchange  of  fiilaments» 
among  the  nerves  before  they  enter  the  muscles,  as  there  is 
no  connection  between  the  muscles  themselves.  As  thel 
Various  combinations  of  the  muscles  have  a  relation  with  the 
motor  nerves,  the  same  relations  must  be  established  by  those 
nerves  which  convey  the  impression  of  their  conibinations. 

Digitized  by  VjOOQIC 


]>AVY  ON  THE  PHEKOMENA   OF  VOLCANOES.  091 


mtid  a  similar  plexiu^  or  interchange  of  filaments  iherefo^ 

characterises  both. 

**  We  have  seen  that  the  returning  muscular  nerves  are 

associated  ^f^ith  the  nerves  of  sensibility  to  the  skin,  but  they 

•are  probabljr  very  distinct  in  their  endowments,  since  there 
!       is  a  great  difference  between  conveying  the  sense  of  external 

impressions  and  that  of  muscular  action. 
I  "In  surgical  operations  the  fact  is  forced  upon  our  attention* 

I  'that  the  pain  of  cutting  the  skin  is  exquisite,  compared  with 
I  that  of  the  muscles ;  but  we  must  remember  that  pain  is  a 
I       xnodification  of  the  endowment  of  a  nerve,  serving  as  a  guard 

>  ta  the  sur&ce,  and  to  the  deeper  parts  consequently.  This 
I        is  further  exemplified  in  the  sensibility  of  the  skin  to  heat ; 

>  whilst,  on  the  contrary,  a  muscle  touched  with  a  hot  or  cold 
!  sponge,  during  an  operation,  gives  no  token  of  the  change  of 
j       ^temperature  but  by  the  degree  of  pain. 

»  --  **  Many  of  the  nerves  which  perform  the  most  deliqate  oper-* 
I  adons  in  the  economy  are  not  more  sensible  to  pain,  than 
the  common  texture  of  the  frame.  The  lower  degree  of  ^n- 
t  sibilityto  pain  possessed  by  the  muscles,  and  their  insensi* 
I  t^ility  to  heat,  is  no  argument  s^ainst  tKeir  bavins  nerves  which 
I        ve  alive  to  the  most  minute  changes  of  action  m  their  fibres," 


Oh  the  Phenomena  of  Voicajioes*     Sy  Sir  HuMJ^SMy 

DArY,JBart.F.R.S.'^llS2S.2 

When  in  the  years  1807  and  1808  I  discovered  that  the 
alkalies  and  the  earths  were  coniposed  of  infiammable  matte? 
united  to  oxygen^  a  number  of  enquiries  suggested  them* 
pelves  with  respect  to  various  parts  of  chemical  science,  some 
of  which  were  capable  of  being  immediately  assisted  by  ex* 
periment,  and  others  required  for  their  solution  a  long  serii^ 
lof  observations,  and  circmnstances  obtained  only  with  dif* 
iiculty.  Of  the  last  kind  were  tlie  inferences  concerning  the 
geological  appearances  connected  with  these  discoveries. 

The  metals  of  the  alkalies,  and  tliose  of  such  of  the  earths 
as  I  had  decomposed,  were  found  to  be  highly  combustible, 
and  altered  by  air  and  water,  even  at  the  usual  temperatures 
of  the  atmo^here ;  it  was  not  possible,  consequently,  that 
Jthey  should  be  found  at  the  surface  of  the  globe,  but  i)ro«' 
babie  that  they  might  exist  in  tlie  interior ;  and  allowing  this 
hypothesis,  it  became  easy  to  account  for  volcanic  fires,  by 
exposure  of  the  metals  of  earths  and  alkalies  to  air  and  water ; 
and  to  explain,  not  only  the  formation  of  lavas,  but  likewise 
■that  of  basalts,  and  many  other  crystalfiue  rocks,  from  tlie 
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slow,  cooling  of  the  products  of  combustion  or  oxidation  of  the 
newly-discovered  substances. 

.  I  aeveloped  this  opinion  in  a  paper  on  the  decomposition 
of  the  eartlis,  published  in  1808 ;  and  since  1812  I  have  en- 
deavoured to  gain  evidence  respecting  it,  hy  examining  vol- 
csmic  phenomena  of  ancient  and  recent  occurrence  in  various 
parts  of  Europe. 

.    In  tliis  communication  I  shall  have  the  honour  of  laying 
before  the  Royal  Society  some  results  of  my  enquiries.     If 
tliey  do  not  sohre  the  problem  respecting  the  cause  of  volcanie 
fires,  they  will,  I  trust,  be  found  to  offer  some  elucidations  of 
the  subject,  and  may  serve  as  the  foundation  of  future  labours* 
The  active  volcano  on  which  I  have  made  my  observations 
is  Vesuvius ;  and  there  probably  does  not  exist  another  so 
Jsdmirably  fitted  for  the  purpose :  its  vicinity  to  a  great  city; 
the  facility  with  which  it  may  be  ascended  in  every  season  of 
the  year;  and  the  nature  of  its  activity, —  all  offer  peculiar 
advantages  to  the  philosophic  enquirer. 
•    I  had  made  several  observations  on  Vesuvius  in  the  springs 
cff  1814  and  1815,.which  I  shall  refer  to  on  a  fiiture  occasion 
in  these  pages ;  but  it  was  in  December,  1819,  and  January 
and  February,  1320,  that  the  volca&o  offered  the  most  favour-* 
able  opportunity  for  invest^ation.    On  my  arrival  at  Naples, 
Dec.  4.,  I  found  that  there  had  been  a  small  eruption  a  few 
d^s  before,  and  that  a  stream  of  lava  was  flowing  with  con- 
siderable activity,  fi'om  an  aperture  in  the  mountain  a  little 
below  the  crater.     On  the  5th  I  ascended  the  moimtmn,  and 
examined  the  crater  and  the  stream  of  lava«     The  crater 
emitted  so  large  a  quantity  of  smoke,  with  muriatic  and  sul* 
pliurous  acid  fumes,  that  it  was  impossible  to  approach  it» 
except  in  the  direction  of  tlie  wind ;  and  it  threw  up,  every 
two  or  three  minutes,  showers  of  red-hot  stones.    The  lava 
was  flowing  firom  an  aperture  about  100  yards  below  it,  being 
apparently  forced  out  by  elastic  fluids,  with  a  noise  like  that 
made  by  the  steam  disengaged  from  a  pressure  engine:  it 
rose,  perfectly  fluid,  forming  a  stream  of'  firom  five  to  six  feet 
in.  diameter,  and  immediately  fell,  as  a  cataract,  into  a  chasm 
about  40  feet  below,  where  it  was  lost  under  a  kind  of  bridge 
formed  of  cooled  lava ;  but  it  re-appeared  60  or  70  yam 
further  down.    Where  it  issued  fi'om  the  mountain,  it  was 
nearly  white-hot,  and  exhibited  an  appearance  similar  to  that 
whicli  is  shown  when  a  pole  of  wood  is  introduced  into  the 
melted  copper  of  a  foundery,  its  sur&ce  appearing  in  violent 
agitation,  large  bubbles  rising,  which  in  bursting  produced  a 
white  smoke ;  but  the  lava  became  of  a  red  colour,  though 
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Still  visible  in  the  sunshine,  where  it  issued  from  under  the 
bridge.  The  force  with  which  it  flowed  was  so  great,  that 
the  strength  of  the  guide,  a  very  stout  young  man,  was 
insufficient  to  keep  a  long  iron  rod  in  the  current.  The  whole 
of  its  course,  with  two  or  three  interruptions,  where  it  flowed 
under  a  cooled  surface,  was  nearly  three  quarters  of  a  mile, 
and  it  threw  off  clouds  of  a  white  smoke.  It  smoked  less  as 
it  cooled  and  became  pasty  ;  but  even  where  it  terminated  in 
moving  masses  of  scoria,  smoke  was  still  visible,  which  became 
more  mstinct  whenever  the  scoria  was  moved,  or  the  red-hot 
lava  in  the  interior  exposed. 

Having  ascertained  that  it  was  possible  to  approach  within 
four  or  five  feet  of  the  lava,  and  to  examine  the  vapour  im- 
mediately close  to  the  aperture,  I  returned  the  next  day, 
]iaving  provided  the  means  of  making  a  number  of  experi- 
ments on  the  nature  of  the  lava,  and  of  the  elastic  fluids  with 
which  it  was  accompanied.  I  found  the  aperture  nearly  in 
the  same  state  as  the  day  before,  but  the  lava  spread  over  a 
larger  surface,  forming  an  eddy  in  the  hollow  of  the  rock,  over 
^which  it, fell,  from  which  it  could  be  raised  in  an  iron  ladle 
more  easilv  than  from  the  current,  and  where  there  was  much 
more  facility  of  placing  and  withdrawing  substances  intended 
to  be  exposed  to  its  agency. 

One  of  the  most  important  points  to  be  Ascertained  was, 
whether  any  combustion  was  going  on  at  the  moment  the 
lava  issued  from  the  mountain.    There  was  certainlv  no  ap- 
pearance of  more  vivid  ignition  when  it  was  exposed  to  air, 
nor  did  it  glow  with  more  intensitv  when  it  was  raised  into 
the  air  by  an  iron  ladle.     I  put  the  circumstance,  however, 
beyond  the  possibility  of  doubt:  I  threw  some  of  the  fused 
lava  into  a  glass  bottle  furnished  with  a  ground  stopper,  con- 
taining siliceous,  sand  in  the  bottom:  I  closed  it  at  the 
moment,  and  examined  the  air  on  my  return.     A  measure  pf 
Jt  mixed  with  a  measure  of  nitrous  gas   gave  exactiy  the 
same  degree  of  diminution  as  a  measure  of  common  air, 
which  had  been  collected  in  another  bottle  on  the  mountain. 
I  threw  upon  the  surface  of  the  lava  nitre,  both  in  mais 
and  in  powder.     After  this  salt  had  fused,  there  was  a  little 
increase  of  vividness  in  the  ignition  of  the  lava,  but  much 
too  slight  to  be  referred  to  pure  combustible  matter  in  any 
quantity ;  and  on  making  the  experiment  on  a  portion  of  lava 
taken  up  in  the  ladle,  it  appeared  that  the  disengagement  of 
heat  was  partly  owing  to  the  peroxidation  of  the  protoxide 
of  iron,  and  to  the  combination  of  the  alkali  of  the  nitre  with 
the  earthy  basis  of  the  lava;  for  where  the  nlti^  had  melted, 
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the  colour  had  changed  from  olive  to  brown.     Tills   coil* 
elusion  was  still  further  proved  by  the  circumstance^  that 
chlorate  of  potash  thrown  upon  the  lava  did  not  increase  its 
degree  of  ienition  so  much  as  nitre.  When  a  stick  of  wood  was 
introduced  into  a  portion  of  the  lava,  so  as  to  leave  a  little  car* 
bonaceous  matter  on  its  sur&ce,  nitre  or  chlorate  of  potash 
then  thrown  upon  it  caused  it  to  glow  with  great  In-iilianc^. 
Some  fused  lava  was  thrown  into  water,  and  a  glass  botw 
filled  with  water  held  over  it  to  collect  the  gas  disengaged :  it 
was  in  very  minute  quantity  only ;  and  when  anatysed  on  my 
return,  proved  to  be  common  air,  a  little  less  pure  than  that 
disengaged  froni  the  water  by  boiling.     A  wire  of  copper  of 
•gi^th  of  an  inch  in  diameter,  and  a  wire  of  silver  of  ^th^  in- 
troduced into  the  lava  near  its  source,  were  instantly  fiised : 
an  iron  rod  of  one  fifth  of  an  inch,  with  a  piece  of  iron  wire 
of  about  ^{jth,  were  kept  for  five  minutes,  in  the  eddy  in  the 
stream  of  lava :  they  were  not  fused ;  they  did  not  produce 
any   smell  of  sulphuretted  hydrogen  when  acted    on    by 
muriatic  acid,     A  tin-plate  funnel,  filled  with  cdld  water,  was 
held  m  the  fumes  disengaged  with  so  much  violencis  from  die 
aperture  through  which  the  lava  issued:  fluid  was  imme- 
diately condensed  upon  it,  which  was  of  an  acid  and  sdtn 
astringent  taste*     It  did  not  precipitate  muriate  isf  barytii, 
but  Copiously  precipitated  nitrate  of  silver,  and  rendered  the 
triple  prussiate  of  potassa  of  a  bright  blud.    When  the  same 
fimnel  was  held  in  the  white  fumes  above  the  lava,  where  it 
entered  the  bridge,  no  fluid  was  precipitated  upon  it,  but  k 
became  coated  widi  a  white  powder,  which  had  the  taste  and 
chemical  qualities  of  common  ssdt,  and  proved  to  be   thffi 
substance  absolutely  pure.    A  bottle  o^  water  holding  about 
three  fourths'  of  a  pint,  with  a  long  narrow  neck,  was  emptied 
immediately  in  the  aperture  from  which  the  vapours  pressii^ 
oat  the  lava  issued,  and  tiie  neck  was  immediately  closed 
This  air,  examined  cm  my  return,  was  fotmd  to  give  i^o  ab- 
sorption with  solution  of  potassa ;  so  that  it  contained  no 
notable  proportion  of  carbonic  acid,  and  it  consisted  of  nine 
parts  of  oxygen,  and  91  of  azote.    There  was  not  the  least 
smell  of  sulphurous  add  in  the  vapour  from  the  aperture,  nor 
were  the  fomes  of  muriatic  acidsostrongas  to  be  unpleasant; 
but  during  the  last  quarter  of  an  hour  that  I  was  engaged  ih 
these  experiments,  the  wind  changed,  and  blew  the  smdde 
from  the  crater,  upon  the  spot  where  I  was  standings  t' the 
sulphurous  acid  gas  in  the  fumes  was  highly  irritaPting  to  tJle 
organs    of  respiration,  and   I  suffered  so  much  from  ti|e 
^exposure  to  them,  that  I  was  obliged  to  descend ;  and  tli^ 
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effect  was  not  traiisient,  for  a  violent  catardial  affection 
ensued,  which  prevented  me  for  a  month  from  again  ascend* 
ing  the  mountain » 

On  the  6th  of  January,  I  made  another  viat  to  Vesuvius, 
I  found  the  appearance  of  the  lava  considerably  changed:  the 
bocca  from  which  it  issued  on  the  5th  of  December  was 
-  /dosed,  and  the  current  now  flowed  quietly  imd  without  noise, 
from  a  chasm  in  the  cooled  lava,  about  300  feet  lower  doWd. 
The  heat  was  evidently  less  intense.    I  repeated  mv  ex- 
periments with  nitre  with  the  same  results,  and  exposed  pii^e 
silver  and  platinum  to  the  fused  lava:  the;^  were  not  at  jffl 
changed  in   colour.     I  collected  the  sublimations  frcrai  vii* 
rious  parts  of  the  cooled  lava  above»    The  rocks  near  the 
ancient  bocca  were  entirely  covered  with  white,  yellow,  aild 
reddish  saline  substances,    I  found  one  specimen  of  large 
salme  cty^talb  in  a  cavity,  which  had  a  slight  tint  of  purple : 
this  exianiined,  proved  t6be  common  salt,  with  a  minute  pdir- 
tibn  Of  muriate  of  tobalt.    The  other  sublimations  consisted 
of  common  salt  in  great  excess,  much  chloride  of  iron,  sonic 
•  ilulphate  of  soda ;  and   by  the  test  of  muriate  of  platinum 
ihete  appeared  to  exist  in  them  a  small  quantity  of  sulphate 
or  muriate  of  potassa;  tttsd  a  solution  of  ammonia  detect^ 
the  presence  of  a  minute  quantity  of  the  oxide  of  copper.  ^ 
'  *    During  the  hiohths  of  January  and  FelMruary,   I  made 
several  visits  to  the  top  of  Vesuvius  :  I  shall  not  particuku'ise 
them  all ;  but  shall  mention  only  such  as  afforded  me  soide 
new  observations.    On  the  26Ui  of  January,  the  lava  was 
seen  nearhr  white-hot,  through  a  chasm  near  the  place  where 
it  flowed  from  the  mountain.     I  threw  nitre  upon  it  in  large 
^oantities  through  this  chasm,  in  the  presence  of  His  Ro;^ 
Highness  the  Prince  of  Denmark,  whom  I  had  the  honour  bf 
accompanying  in  this  excursion  to  the  mountain,  and  my 
friend  the  Cavaliere  Monticelli :  there  was  no  more  increase 
of  ignition  th^n  when  the  experiment  was  made  on  lata 
exposed  to  the  free  aur.    The  appearance  of  the  sublimations 
was  now  considerably  changed :  uiose  hear  the  aperture  were 
coloured  green  and  blue  by  salts  of  ci^er ;  but  there  wi» 
still  a  great  quilntity  of  muriate  of  iron.    I  have  mentioned 
that  on  the  5th,  the  sublimate  of  the  lava  was  pure  chloride 
of  sodium :  in  the  sublimate  of  Jmiuary  6th,  there  were  both 
sulphate  of  soda  and  indications   of   sulphate  of  pota^sfa. 
In  the  sublimates  that  1  coUedted  on  the  260i,  the  ftulphate 
of  soda  was  in  much  larger  quantities,  and  thm^  was  much 
more  of  a  salt  of  potassa.    From  tl^  5tfi  of  December  to  the 
?Oth  of  February,  the  lava  flowed  in  larger  or  smaller  qMan- 
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titles,  SO  that  t^t  night  a  stream  ci  ^ited  matter  vas  alwaji 
visible,  more  or  less  interrupted  by  cooled  lava.  It  changed 
its  direction  according  to  the  obstacles  it  met  with ;  and  never, 
according  to  appearances,  extended  so  much  as  a  mile  frooi 
its  source.  During  the  whole  of  this  time,  the  craters,  of 
which  there  were  two,  were  in  activity.  The  large  crater 
threw  up  showers  of  ignited  ashes  and  stones  to  a  height  ap- 
parently of  from  200  to  500  feet ;  and  from  a  smaller  Grater, 
to  the  right  of  the  large  one  on  the  side  of  Naples,  steam 
arose  with  great  violence.  Whenever  the  crater  could  be 
a()proached,  it  was  found  incrusted  with  saline  incrustationa; 
and  the  walk  to  the  edge  of  the  small  crater,  on  the  6th  of 
January,  was  through  a  mass  of  loose  saline  matter,  prin- 
cipally common  salt,  coloured  by  muriate  of  iron,  in  which 
the  foot  sunk  to'  some  depth.  It  was  easy,  even  at  a  great 
distance,  to  distinguish  between  the  steam  lus^agaged  by  one 
of  the  craters  and  the  earthy  matter  thrown  up  by  the  othec 
The  steam  appeared  white  in  the  day,  and  formed  perfectly 
white  clouds,  which  reflected  the  morning  and  evenmg  light 
of  the  purest  tmts  of  red  and  orange.  The  earthy  matter 
always  appeared  as  a  black  smoke,  forming  black  clouds ;  and 
in  the  night  it  was  highly  luminous  at  the  moment  of  the 
explosion. 

On  the  20th  of  February,  the  small  crater,  which  had  been 
disengaging  stean^  and  elastic  matter,  began  to  throw  out 
showers  of  ston^ ;  and  both  craters,  ^om  the  20th  to  the 
2Sd,  were  more  than  usually  active.  On  the  night  of  the 
23d,  at  half  past  11  o'clock,  being  in  my  bed-room  at  Chiati* 
mone,  Naples,  I  heard  the  windows  shake ;  and  going  to  the 
window,  I  saw  ascending  from  Vesuvius  a  column  of  ignited 
matter,  to  a  height  at  least  equal  to  that  of  the  mountain 
from  its  base ;  and  the  whole  horizon  was  illuminated,  not* 
withstanding  the  brightness  of  the  moon,  with  direct  volcanic 
light,  and  that  reflected  from  the  clouds  above  the  column  of 
ignited  matter.  Several  eru{)tions  of  the  same  kind,  but  upon 
a  smaller  scale*  followed  at  intervals  of  a  minute  and  a  half 
or  two  minutes;  but  there  were  no  more  symptoms  of  earth- 
quake, nor  did  I  hear  any  noise.  On  observing  the  lava,  it 
appeared  at  its  origui  much  broader  and  more  vivid ;  and  it 
was  evident  that  a  ^esh  stream  had  broken  out  to  the  right 
of  the  former  one.  On  the  morning  of  the  24th,  I  visited  the 
mountain  :  it  was  not  possible  to  asoend  to  the  top,  which  was 
covered  with  clouds,  nor  to  examine  the  orifice  from  which 
ttie  lava  issued.  The  stream  of  lava  near  the  place  where  it 
terminated  was  from  50  to  100  feet  broad.     Wiad, precisely 
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the  same  appeutmces  as  the  lava  which  had  been  so  loi% 
Tunning.  I  collected  the  saline  matter  condensed  upon  sbmts 
of  the  masses  of  scoria  which  were  carried  along  by  the  cu<^- 
rent,  and  deppsited  on  the  edge  of  the  stream ;  they  proved 
to  be  the  same  in  the  nature  of  their  constituent  parts  as 
those  of  the  lava  of  the  26th  of  January,  but  with  a  larger 
proportimi  of  sulphate  of  soda,  and  a  smaller  proportion  of 
muriate  of  iron ;  and  I  have  no  doubt  that  the  dense  wHite 
snioke,  which  was  emitted  in  immense  columns  by  the  lava 
during  the  whole  of  its  course,  was  produced  by  the  same 
substances.  ^ 

;  I  shall  now  mention  the  state  of  the  volcano  at  some  other 
periods. 

When  I  was  at  Napies  in  May,  1814,  the  cfater  had»the 
appearance  of  an  immense  funnel,  closed  at  the  bottom,  with 
many  small  apertures  emitting  steam ;  and  on  the  side  towards 
Torre  del  Greco  there  was  a  large  aperture,  from  which  iiame 
issued  to  a  height  of  at  least  60  yards,  producing  a  most 
Violent  hissing'  noise.  This  phenomenon  was  ccmstant  during 
die  three  weeks  I  remained  at  Naples.  It  wks  impossible  to 
approach  sufficiently  near  the  flame  to  ascertain  the  results 
of  the  combustion ;  but  a  considerable  qusEhtity  of  steam 
ascended  from  it  When  the  wind  blew  the  va^urs  upon  us, 
there  was  a  distinct  smell  both  of  sulphurous  imd  muriatic 
adds.^  There  was  no  indication  of  cail>onaceous  tnatter^om 
the  colour  of  the  smoke ;  nor  was  any  deposited  upon  the 
y^ow  and  white  saline  matter  whidi  surrounded  the  crater, 
and  which  I  found  to  be  principally  sulphate  and  muriate  of 
soda,  and  muriate  of  iron:  in  sOme  specimens- there  was  a 
<^nsiderable  quantity  of  murii^te  of  ammOBia. 

In  March,  1815,  the  appearances  presented  by  the  crater 
were  entirely  different.  There  was  tio  aperture  in  the  crater : 
it  was  often  quiet  for  minutes  together,  ^  »Hi  then  burst  out 
mto  explosions  with  considerable  violence,  sendhig.fiuid  lava 
and  ignited  stones  and  ashes  to  a  considerable  jteight;  many 
hundred  feet,  in  the  air. 

These  eruptions  were  preceded  by  subterraneous  thunder, 
which  appeared  to  come  from  a  great  distance,  and  which 
sometimes  lasted  for  a  minute^  During  the  four  times  that 
I  was  upon  the  crater  in  the  month  of  March,  I  had  at  1^ 
tearnt  to  estimate  the  violence  of  the  eruption  from  the 
nature  of  the  sound :  loud  and  long  continued  subterraneous 
thunder  indicated  a  considerable  explosion.  Before  the 
eruption,  the  crater  appeared  perfectly  tranquil ;' and  the 
bottom,  apparently  without  an  aperture,  was  covered  with 
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ashes.  Soon,  indistinet  rtimbling  sounds  were  beard  as  if  at 
a  great  distance ;  gradually  the  sound  approached  nearer,  and 
WB»  like  the  noise  of  artiUery  fired  under  our  feet.  The 
ashes  then  began  to  Fise,  and  to  be.throinr  oot  with  Bxntkt 
firom  the  bottom  of  the  crater;  and>  lastly,  the  lava  ani 
ignited  matter  mt9  ejected  with  (i  most  tioleat  extilOsiaiw  I 
need  not  say  that  when  I  .was'  standing  on  the  edge .  of.  the 
crater,  witn^ng  this  phenomenon)  tlie  wind  was  falowii^ 
stron^y  &am  m& :  without  thb.circuoistaace,  it  would  hate 
been  dantferoite  to  have  stood  on  the  edge  of  the  crater;  and 
whenever,  firom  the  loudness  of  the  thunder,  the  en^itioB 
pvomisea  to  be  violin  t>  I  Idways  mnaa  far  as  possible  .from  the 
seat  of  danger. 

'  As  soon  as  the  eruption;  had  taken  place,  the  ashes  and 
stones  which  rolled  down  the  crater  seemed  to  fill  up  the 
aperture,  bo  that  it  appeared  as  if  th^  ignited  and  elastic  matter 
were  discharged  laterally;  and  the  interioi:  of.tlie  ciatar 
ai^umed  the  same  appearance  as  before, 

i  daall  now  ofier  some  observations  onthe  theory  of  these 
phenomena* :  It  appears  almost  dlixionstrable  that  none  of 
the  qhemicai  causes  anciently  ossignied  for  volcanie  fires  cao 
be  true.  Aniongst  these,  the  combustion  of  mineral  coal  is 
one  of  tl>e  no^st  current;  bul  it  seems. wholly  inadequate  to 
account  for  ttie  phenomena.  However  large  a.stcataiB  of 
pitncoal)  its  eomb«kstion  under,  the  sucfaice  jcould  nefver  .pr»* 
duce  violent  fuid  extensive  heat  s  fQr:.Uie  prodnctiQa  06  cv-r 
boaic  acid  gaa^  when  tihere  wa»  np  ff ee  cir^atton  of  afr,  most 
tend  constantly  to  impede  Uie[  process;  miidit  is  scaiicely  pofti 
sil^e.  ^t :  qarbonaceous '  matter^  if  sueh:  .a.,  cause  ms^ed» 
should  not  be  found  In  the  lay^  and  be  dsses^a^d  wMb  the 
saline^ ora^eousproducte froin  the bocca,or  craters* .  There 
are  many  instances  in  England  of  stftitr^  miHeral/eocd  i^Hcift 
have  been  long  bumk^'sb^t  ;the  restdt^  hfHf^  been.mm^ 
baked  clay  and  sehi^Si  ttsd  it  has  produced  »o  .remit  simibr 
to  lava*  ..;...--..' 

If  the  idea  of  Lemery  were  oorrect,:thaft  tho.actkm-of 
sulphur  on  iron  may  be  a  .cause  pf  .volcanic  .firee^  »}il|^te  of 
iron  ought  to  be  the  gre^t  {product  of  the  volc^u^^i  phidiiis 
known Aot  to  be,  tjbe  i^ibsej  and.the. he^t.prpds^  i^.ihe 
action  of  sulphnr  on'  the  cpnunoii  metals  b  quite  inadeq^al^ 
to  .account  for  thp  ap^^ecrances.  .  When  it  is  oii^f  ideved  Aaf 
volcanic  fires  .opcur  ai)d  inSermit.  .^rilh  all  H^  ph^ciomena  that 
indicate  intense  eln^nkarapdoi^^  seems. no^  UPneasomMe 
to  refer  them  to  chetni^  eai^ei^.,  B|it  ^r  pheaoQicqMi.ttpoik 
such  a  scale,. an  inu^i)s^^masf  pf  .ni/|ttier  n^ii^be.  in  artiyUy* 
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Jkxkd  the  products  of  the  vokano  ought  lo  give  an  idea  of  the 
pature  of  t^ke  Mibatances,  primafily  active*  How  what  are 
theae  products?  Mixtures  of  the  earths  in  an  otidated  and 
fused  state,  a^d  intensely  ignited  ^  water;  and  saline  suta* 
stances^  such  as  might  be  fumislied  by  the  sea  and  air,  altered 
ia,«uch,a<inanner  as  might  be  es^pected  from  th^  iR^rmation  of 
fixed  oxidated  .maftter.  But  it  may  be  «aid,-if  tl)e  oxtdatton 
of  the  metals  of  the  earths  be  the  causes  of  the  pbenomenay 
s|on^  of  the^  substances  ought  occasionally  to  be  found  in 
itxS'  l^va,  or  the  combustion  oughtto  be  increased  at  the 
moment  the.  materials  passed  into  the  ataiosphere.  But  the 
t^y  Aa  this^  objection  is,  that  it  is  evident  that  the  changed 
which  occasion  volcanic  fires  take  place  in  immense,  subter* 
ca^^ean  cavities ;  and  that  4he  aocesa  of  air  l^.the  a^tmg  sub- 
atanoes  occurs  long  before  tke^y  reach  the  exierior  surface^  - 

3]h«re  48  no  queiltion^  but  t&tt  the  ^pround  under  the  solfa* 

tu?^  is  lioUo^^  ^.d.there  is  scssrcely  any  reason  lo  doubt- ^ 

;   a. subterraneous  commuoicatiQn  betireen  this'  craterandv^t 

/   of  tVesi}viu»  c .  wbeneverv  Vesuvius  is  4n  ^an .  active  '«tate,  the 

solfatara  is  >coiQpaNitivdiyHraiiquiL   I  examined -the  becca-  of 

the  solfatara  on  the  21st  of  FeWaary^  iSSK)^  two  d^ys  jbefote 

the^tivity  of  ye9uvii»s;was>  at.^its  heights'  the icoLunm^  of 

,    steam  which  usuaUy^acisesinr  imge  <|uantities-.wlurte  VesHviua 

..    isti^nquil  were  v^iowsimcc^visibloi  .and  B  piece  of  papee 

thrown^  into  the  apitrtovi^dia  ilo1% rise  again;  >sdthatMher6 

•  wjM  every  reason,  to  i  ^auppose  ^kto  ogosfcenoi^  *af  a  ^descending 

*  current  of  aio.  4?Tho:  aubterraneims  jfehunder  heard  at  aiick 
great  distaAcea  under  YesuyiiiB  « ^ahnostia  demonstcatiei^of 
the  exlstenoe  of  •  great  cavities  vbelow^  filled  with  aerifoantt 
mattw ;  and  the^saine  >  exseavations^^wMch  in  > the  adtivei  ata«e 
of  the  volcano  throw  out  .d.jUFing  so  i^eat  a;  length  lefthae 

^  immense  volumes  of  8teai%  mostt^.ihere  ia  every  reason  to  be*^ 
lieve,  in  its  quiet  state,  become  filled  with  atmospheric  air>. 

To  what  extent  subterraneous  cavities  may  exist  even  in 
common  rocks  is  shown  in  the  limestone  caverns  of  Carniola, 
some  of  which  contain  many  hundred  thousand  cubical  feet 
of  air ;  and  in  proportion-  as  the  depth  of  an  excavation  is 
greater,  so  is  the  aur  more  fit  for  combustion. 

The  same  circumstance  which  would  give  alloys  of  tlie 
metals  of  the  earths  the  power  of  producing  volcanic  phe- 
nomena, namely,  their  extreme  facility  of  oxidation,  must 
likewise  prevent  them  from  ever  being  found  in  a  pure  com- 
bustible state  in  the  products  of  volcanic  eruptions ;  for 
before  they  reach  the  external  surface,  they  must  not  only 
be  exposed  to  the  air  in  the  subterranean  cavities,  but  be 
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propelled  by  steain;  which  mi;^:  p.>-ses8,  under  the  circmn- 
stances,  at  least  the  same  facility  o!  oxidating  them  as  av. 
Assuming  the  hypothesis  of  tlie  existence  of  such  alloys  of 
the  metals  of  the  earths  as^may  burn  into  lava  in  the  interior, 
the  whole  phenomena  maybe  easily  explained  from  the  action 
of  the  water  of  the  sea  and  air  on  those  metals ;  nor  is  there 
any  fact,  or  any  of  the  circumstances  which  I  have  men- 
tioned in  thet  preceding  part  of  this  paper,  which  cannot  be 
easfly  explained  according  to  that  hypothesis.  For  almost  aH 
the  volcanoes  in  the  old  world  of  considerable  magnitude  are 
near,  or  at  no  considerable  distance  from  the  sea :  and  if  it 
be  assumed  that  the  first  eruptions  are  produced  by  the 
action  of  sea  water  upon  the  metals  of  the  earths,  and  that 
considerable  cavities  are  left  by  the  oxidated  metds  thrown 
out  as  lava,  the  results  of  their  action  are  such  as  might  be 
anticipated ;  for,  after  the  first  eruptions,  the  oxidaticms  which 
produce. the  subsequent  ones  may  take  place  in  the  caverns 
below  the  sur&ce ;  and  when  the  sea  is  distant,  as  in  the 
volomo^s  of  South  America,  they  may  be  supplied  with  water 
from  great  subterranean  lakes ;  as  Humboldt  states  tfaat  some 
of  them  throw  up  quantities  of  fish. 

On  the  hypouiesis  of  a  chemical  cause  for  volcanic  fireS) 
and  reasoning  from  known  facts,  there  appears  to  me  no  otbef 
adequate  source  than  the  oxidation  of  tne  metals  which  form 
the  basis  of  the  earths  and  alkalies ;  but  it  must  not  be 
denied,  that  considerations  derived  from  thermometrical  ex- 
periments on  the  temperature  of  mines,  and  of  sources  of 
hot  water,  render  it  probable  that  the  interior  of  the  globe 
possesses  a  very  high  temperature  ;  and  the  hypothesis  of  die 
nucleus  of  the  globe  being  composed  of  fluid  matter  offers  a 
still  more  simple  solution  of  the  phenomena  4^  volcanic  fires 
than  tliat  which  has  been  just  developed. 


I' 


THE   END. 
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